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NEW BOOKS OF SCIENTIFIC INTEREST 


Where is Science Going? MAx PLANCK. 221 pp. 
$2.75. W. W. Norton & Co. 


The discoverer of the quantum theory attempts here 
to describe and sum up the “revolution” of the physical 
sciences and present his knowledge and philosophy with 
in eye toward the future. With a Prologue by Albert 
Einstein 
The Scientific Basis of Evolution. THomAs H. 
MorGAN. ix +286 pp. Illustrated. $3.50. W. W. 
Norton & Co 


The twelve Messenger Lectures given at Cornell Uni 
versity in the spring of 1951. Dr. Morgan attempts to 
rescue the theory of evolution from the vague, specula 
tive methods of its immediate past and put it on a 
sound, scientific basis 
Alpine Zone of Mt. Washington Range. ERNST 
ANTEVS. viii+118 pp. Illustrated. Maps. $2.00. 


Bertha B. Smith. 


A semi-popular treatise of the physiography and 
natural history of the largest alpine region in the 
Eastern States. The last glacial ice sheet, the forma- 
tion of the glacial cirques frost action, flora and fauna 


ire among the subjects discussed 


Nature Rambles—Winter. OLIver P. MEDSGER. 


\ 160 pp. Illustrated. $2.00. F. Warne & Co 


An informal study of nature in the winter time, show 
ing the habits and adaptations of animals, birds and 
plants. The book contains sixteen plates in color, fif 
teen half-tone plates and forty text illustrations. 
Economy and Technique of Learning. WILLIAM 
F. Book. x+534 pp 47 figures. $2.00. D.C. 
Heath & Co 


This text, prepared to follow an introductory course 
in psychology and primarily intended for teacher 
training courses in colleges, attempts to explain the 
general nature of the learning process, which is “to 
learn how to learn.” 


Atom and Cosmos; the World of Modern Physics. 
HANS REICHENBACH. Translated and Revised Edi 
tion, 300 pp. Illustrated. $2.00. Maemillan. 


A summary of the field of modern physics written in 
non-technical language. The author is professor of 
philosophy at the University of Berlin and the book is 
based upon a series of radio addresses broadcast in Ger 


many. 
Psychology. SHEPHERD I. FRANZ and Kate 
GORDON. xvii+494 pp. Illustrated. $2.50. Me 


Graw-Hill Book Company. 


A survey of modern psychology for the beginning stu 
dent and the general reader. The authors have at 
tempted to provide “those fundamentals needed in busi- 
ness, in a profession, in social service, or in the up- 


bringing of children.’ 


The Metals: Their Alloys, Amalgams 
pounds. A. FREDERICK COLLINS. ix 
lustrated. $2.00. D. Appleton & Co 


A popular handbook for the student 
ing the story of the world’s metals, des 
detail and telling something of their dis 
is a chapter on “hypothetical metals” ar 
ing. 

The Form and Properties of Crysta 
DALE. x+186 pp. Illustrated $ 
bridge University Press. Macmillan 

An introduction to the study of mine 
of the petrological microscope written fo 
dents in petrology at English universit 
is small and does not pre tend to be more 
of the subject. 

Our Mineral Civilization. Tuoma 
d W 


x+165 pp. $1.00. Williams a 


One of the “Century of Progress Seri 
part that minerals play in our life to-da 
creased and varied uses which man has f 
The author is professor of mining er 


lumbia University 


Physiology of Farm Animals. F 
SHALL and E. T. HALNAN. xiv + 36 
trated. $3.25. Macmillan Company 


This book is intended for students of ag 
wish to obtain some knowledge of the pro« 
ology as they occur in domestic anima 


act as a guide to the modern science 


tion 


The Early Years of Modern Civil E: 
R. S. Kirpy and P. G. Laurson. x 
Illustrated. $4.00. Yale University P 


A story of the beginnings of civil « 
Europe and America during the eighteent 
the nineteenth centuries. The book is 
those who have a background of civil e1 


terest. 

A Systematic Source Book in Rural § 
Edited by P. A. Soroxin, C. C. Zu 

C. J. GALPIN. 3 Volumes. $15.00 a 
sity of Minnesota Press. 


A survey intended to be a complete en 
substantial treatise, and to give the read 
knowledge of European, Asiatic and Ameri 
day theories in rural sociology. 

The Eskimos: Their Environment and Folkway 
EpwarD M. WEYER, JR. xvii+491 pp. I 
$5.00. Yale University Press. 

A picture of the customs and beliefs of t 
who live on the northern fringe of civilizatior 
appreciation for the Eskimo’s ingenuity in « 


the hardships of his environment. 
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Spurr 
extensive and 
value Aft 
the Cana 


with 
reat 


vold discoveries In 
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tion, therefore, 


C WORK 


remained 


Ok 
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| LTSOs Si s ( 
] Is i _ ~ 
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my O00 sq ! sll ad S 
fopograp s an 
oO nel ! 
( ! ] ] ~ 
4 ! na S 
( ravel I r b 
s whnel sury oO (FISTS na 
rs \ b rn yr’ ( 
if O 9 reogTrap 
this re nol yestel S 
t ntinent al v} ind 
1 mo! Tr nts 
d in deta 
S| 1! 
nd ns, scal nted ‘ 
nd obj ve reports -_ 
S( ! Xxplol pl ides 
y upon perso! hardships a} : 
s W re regarded as 
S WOrkK, d pi Ss S 
ds m { St p 
nd eX i el l \ THUS 
failures and disasters. Het s 
rd more n one third « 
0 sury <plor mm i nis 
vjon 1S unmarred ! sing 1) 
QO) er nd S 
i mes re D ! rl 
idequa maps usands oO 
miles for tl vuldal c % St 
nay follow the su xplorers. | 
CONSERVATION ACTIVITIES 
sification of the public lands 1s 
the duties p aced upon the Su 
its organic act Sp classi UY 
1 as a basis for tl dministration 
publie land laws, however, Ss ! 
rovided for fiscally in Ul ear \ 
’s existence This 
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MT. WRANGEL, ALASKA, AN At 


(‘OOPERATION 


! communication to a state geolo 
vist the first director of the I Ss. Geo 
ovical Survey sald “The direetor de 
Sires oO announce to vou That he urees 


Inauguration 


state surveys and wishes to cooperate 
With them to the mutual advantage of 
both Thus ne otf fi basic policies 
Federal Survey was announced 

n 1sso That policy guides its rela 
ns wit! ther si ntif reanizations 
-dav as did 53 vears a Support 
state surveys and cooperation with 


em to the end that there 


may he Co 


ordination in purpose and in results 


chieved is one of the guiding principles 
of the federal organization. It realizes 
that the problems awaiting solution in 
the field of geology and in other fields 


Federal 
that all the ener 
local and national! 


occupied by the Survey are 


unlimited and 


W1es State, 


almost 
that can 


be marshaled for their solution and for 


and continuance if 


TIVE VOLCANO, 14 ET Hi 
lhialii il r si 
Wl hye ; suffi , 
the progress t should 
1Ss4 in) ivreement Vas 


vical Surry and 
wealth of Massachusetts for 
in the preparation of topog 
of that state t! sts 
equally betwee} the state and 
eral Governme! Manv s 
ments, Involving topograpl 
Investigations In many T 
geology and e study I 
sources have sinc bee) 
Within The pas decade pal 
this method hancing 


] 


the individu 
Kederal 


done has bee 


become a def 


(‘ongress in 
Appr 


nh eX] 


acts 
has bee 
past two Vei 


palities to 


topograp! ite 


al colummonweaiths 


Government desire 


n used extensive 


1 iitithal 


appl 


ximately a milli 


vended 


i”’s by states an: 
the end that 


mapping might 


during eac! 
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< 
ise In complexit) | prot . rey 
vernment, the Survey, throug] | Spry , Tr 
nitiative or because it has beer Pow S8 


pon by Congress or the Adminis Doane I \ 





as engaged In activities some of — he held unt s deat 190” 
ther have not been definitel ron 
ts main purposes or hay t Cr 4 ‘ . 
magnitude Worthy OT separate Peoultal 
on As the value of certain oft VeVs d ass bin 
wtivities has come to be recoe DUTIO} na 


they have been separated tron sources OT 1 West \ 


survey and delegated to indepr ndent tl Is Carty activity the Sur 
itions. The first of these activi upon, after the enactment Ist] 
Is TO be seT apart Was That of the The hai W iu I 4 


f the cultures of the North Amer set aside forest reserves 1) 


Indians, a study initiated by Major to advise the Secretar 








' prior to the creation of the | s about areas that mieht Dp! 
gical Survey Throughout his d thus reserved In 1897 ar 
rship Major Powell maintained a tion was made for the sur 
' 
Jt 
t 
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rest reserves or contemplated 


r designation as forest reserves, and it 
Was sper if} ad that these surveys should 
bh made by the Geological Survey. 
This work was continued for several 

irs and resulted in a series of re 
ports o1 rest lands, with maps indi 
cating Ti r appropriate classification. 
The data thus collected served as a 
Dass or regulations for the adminis 
tration of these lands, although the ad 
ministration itself at that time rested 
n the General Land Office By 1905 
forest reserves were recognized as of 
sufficient public importance to require 
the creation of a definite Init of @oV 
ernment for their administrative con 


trol W ork prior to that ti 
had n both the Departments 
of the hh Agriculture 
combined and transferred to the Forest 
Department of Agri 
the the 


Survey had much to do with laying the 


which 
been done l 


terior and ot was 


Service under the 


culture. Thus early work of 


foundations for that efficient unit of 
rovernment 
Interest in the possibilities of irriga- 


+ 


the arid lands of the West had, 


West became 


Congressional interest had been 


tion of 
existed since the 


of course. 


KhHOWwn 


most definitely indicated by the act of 
1888, already mentioned, which pro- 
vided that lands valuable as reservoir 


be 
public objection To 


dam sites should withheld 


but 


sites and 


} 


from entry, the 
excluding these large tracts from aequi 
at that 
ment for federal irrigation for a decade 
Nevertheless, the interest then 


its manitesta 


sition time retarded the move 


or more 
aroused continued, one of 
tions being the first specific appropria- 
tion of $12,500 for the gaging of streams 
of 
This work, so essential 


determination water supplies, 


1894 


he effective planning of any irriga- 


and 

made 
to T 
tion 


in 
continued and ex- 
1902 the 

This act 
construction 


project, was 
recla- 


pro- 


panded, and finally 1! 
mation act 
\ ided 


irrigvation 


Was passed. 


for government of 


works, the costs to be eradu- 
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ally repaid DY Tl ! S 
vated lands. The reclam 
grew out of the irlier s 
Geological Survey, and its 
tion was at first intrusted 
Charles D. Waleott. of the S 
remained under his e 
L907 In that vear, por 
recommendation, the R 
vice (now eéalled the Bum 
mation Was created is S 
reau in the Department Ol 
An extensive correspond 
has never been published 
on between Clarence Kine 
rector of the Survey, an 
Barus, one of the most d 
among American physicists 
about the possibility of 
bodies underground by meas 


trical conductivity between 
distant Indeed, ai 


experiment was actually n 


points 


endeavor 


field Iti all 


method of ore finding 


vreologvists of the st 


early 


sibility of combining physic 


lovical methods was n ‘ 
beeause of the failure of this 


It 


ment. became 


that a long, slow series of in\ 
in the general field of geop!| 
be carried out before succes 
tical applications could br 
Minor beginnings were mad 
work, but all these studies \ 


doned in 1892 with 


effected that vear in Tul ds a 
the Survey’s work. Eight o1 
later it became possible to @g 


consideration to the venera 
and from 1900 to 
amount of 


carried out in the Survey 


1906 a 


research on this 


The experiments had become sufi 
promising by 1904 to induce 
Washingt 


Institution of 
with 


negie 


the research a grant 


and by 1906 the work was place 


the sever 


St] 


; 


labe l 


n 
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a permanent basis by the Carneg 
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the mining industry 
Vas recognized is ol burea 


varated in 1910 as the 


Survey takes much pride 
us and useful org: 
rrown out of its own 


nd it also takes 


; 


throughout its 
SO tar as POSS ble 
; 


endeavor 


] To These 


ped and proved 


veleomed tl 


units « 
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~ 
his ~ 
‘ted 
ips 
} { 
may 
tay 


survey 


bheddn 


$106.000 


reac 


} ) 


~ at oran 
ppp rte 1) }>p ls ~ 
1) These civerse conadalt tis 
‘ ~ rp slIne 1 ne ~ 7 iT 
been even more serious 
Neve Theless There ! Ve bee! 
! TS TLISTO! Vl ie pres 
prove to be one, 1 it have bee 
erse to orderly sclientifie work 
ppropriation available to the 


r the first vear of its existence 

ely | ‘ Tint ‘ " 1880) WHS 
This amount was slowly in 

sed during the next decade until it 
hed S$879.000 in 1890 ‘hen beeat 
erlod f decline, culminating 


1893 and 


K488 000 and $495.000. respective ly 


L894, 


when appropriations Ol 


were 


made for tS activities Whiel by that 
time had become rather complex An 
ther period of slow growth then began 


int 
able 
O00 
‘line 


1912 


world 


veyv Ss 


and 
it d 
priat 
eral 


war, 


agereg 


OOU 


next 


in 
to 

Thi 
to 

and 
Wa 
en 
indit 
id 3 
lon 


dur 


rate 


{ 


the 


1909 the appropriations avail 


Survey amounted to $1,800 


s was followed by another 


less than $1,500,000 durin: 

1913. Although during the 
ra large portion of the Sur 
rgies were absorbed directly 
“ectly in special war services, 
Ot participate In the appro 
increases that were so gen 
ng that period, and after the 
1919, its total appropriations 
“dd shehtly less than $1,438. 
e sums vallable during the 


~ f] i¢tuated ! 


renera 


LENTIF I 


t) Tie 
survey T a 
Throw}! Lipo 
lt a aut 
1 The rilne 
T iT TY? lM 
LOR More 
Wi (‘I hee ! 
end I thie 


oOperatiol Té 
palities—req 
eral funds fon 
investigations 
Pactors tovet 


to fund 


e 


publication 
proprii 


$3.1 


Wain 


£101 the fis eal 
then the great drop in fede 
and the response of Cong 
drop throug] ts reduet 
expenditures brought the 
able to the Survey in 19 
S$? 615.000. and the tas p 
present House proposes 1 
amount ay ble r 193 
The most egrettable eat 
(lecreases is the fact that 
heavily upon the Survey's ba 
work and upon the publi 
through the use r which 1 
Or tS activities hecome va 
pub ( TO ef eatiol NAT 
to Indust 


iS 


iTions To 
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THE OFFICE OF EDUCATION 


By Dr. WM. JOHN COOPER 


>y 


| » ‘ { “~ 
> 
poe : . 
es 1 
1 S 
ntries As TN 
( HSTIT 1 } ( ! } i! 
vers give} ede} (rove Ps45 <4 
put reached 1 co) Is ! TI ‘ 
very importa! education . 
whic ‘ ota te , 
Wal 
el LLeres ~ 
date trou hie CTISLLS }s4t0) () () x4 
is the first census the ! 
. ov era , 
s This action was ( - 
! Henr LB rnara st el \ * ‘< 1] 
rd of education Connect \I i] 
Barnard had travel ! ne 
untrs ect ne n Val Ss Tes i | 
systems ec ( memo} te 6 
eu l Tie ( ere SI Cs ! 
‘ ‘ re in TASS ‘ ( ! \\ ‘ } 
! ancl ¢ mnie! \ ! IS meh ! - 
Ss the si ret State s ft ‘ | ~ 
t that time a ¢ re t 1 r ' 
Sus Eventual! ne re ec Mi | | 
nter, who had the preparatiol \Lass ‘ } 
edules of the 1840 census in han mn ‘ 
nduced Hid TO Ine rporate nt ( tne oo OL ( ! TIT { 
ry form certain questions W Vill é 
dd show the eondition if iteracy l inl ¢ \ 
tf Coneress the tol 


country By order « 
ts of this Inquiry were e fi 
! script to Dr. Barnard a a ‘an Association | the uA 

ulated, and in 1841, on the basis Wachineotor 

















HENRY BARNARD 
(‘OM MISSIONER OF EDUCATION, 18¢ LSiU 
Was passed 


resolution 


1854 a 


ne the distribution of 


ber 26, 
lands for 
iddition 


approy 
the Support ot eclueation In 


to this, it was asserted that ‘‘it enter- 
that the 


will be 


strongest convictions 


tains the 


interests of public eduedtion 
greatly advanced by the establishment 
in connection with one of the depart- 
ments of vovernment of a depository for 
the collection and exchange of works on 
education and the various instrumen 
talities of 

Commenting upon the reorganization 
ft edueat 


ional 
with the 


instruction. ’’ 


which oe- 
eurred formation of the Na- 
tional Teachers Association in 1856, Dr. 
Mayo said, in reference to the American 
Advancement of 


associations 


Association for the 
Edueation, ‘‘ All 
body of educators, which only dissolved 
the National 
1856-58, had 


some 


proceedings of this 
on the organization of 
Teachers Association in 
but one logical tendeney 
the National 


interest itself again in the education of 


1 


that in 


way Government should 


the whole people. wi 


THE SCIENTIFIC 





MONTHLY 
At the meeting of the Nat 
Association in Cineinnat 
President Z. R 


] 
address in 


ers 
11, 1858, 
ered an 
part: ‘The subject of a na 
of edueation, to be connected 

Department of the Interior at W 
ton, has often been spoken 

urged, as worthy of C 


lation . We believe 


common With some tiie 
most considerate rienas 
that a special effort should | 
establish at our nat ha ! 


central ond rwrion Cducation 
i / 


by the aid of which more efti 
uniformity of character may 
n the education movements 
country and a brat ‘ 
books and pub ( iT TIS i *” 
ever\ part of our count! 


world 


The following year Mr. \ 


I a 


moved a resolution: ‘Resolved 
committee of three be appointed 
fer with the Honorable, the Se 
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} si 

Tynt an ] ] : Ss lt 

ed re siral H 
} S ‘ | S \ ( ( 
j ? stil lt 1s60 ‘) | sii 
issoclat meeting in B . 
\ug ist S / 10 » { » \ 

W. Bb t Congress | S . 

naugurate department 

structiol ‘Wit Suc! 1 a ~() 


tee ol Thre vas ipp nted 1 ! 

to the details SVS MLS 

next vear, at a meeting held at sha the |} f l I » 
sburg, Pennsylvania, Professor n the est 

declared **that Congress, at the eft ent s 
next session, should establish an 

nal department, and authorize 1 


President to ippol t } ( mmis 
r of Edueation shed ec | }” 
February, 1866 the Nat nal As ment’ 


mn of state and ( IT\ scr {( ongressme! | I \] 
S erintendents met in Washington, D some s 
and urged the creation of a nationa 1 Tl 
iu of education. They appointed ; the 
mission, consisting ol Di E E ~0, 1868 
state commissioner of common shing the Depart: K 
Is of Ohio, Newton Batema) 1 sepal 


rintendent of public instruction of Office of Ed tion in the Interior D 


us, and J. S. Adams, secretary ol nartment This } 
state board of education of Ver- Salary or the mmM1ss er =4 
I to memorialize (C‘ongress to this to $3.000 a vear T C 


This committee met imn ediately tive ? | UL ] TREO 1)y B 


wing the adjournment of the asso- onee tried 
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NATHANIEL H. R 


('O) SSIONER OF EDUCATION, 1886-1889 


DAWSON 
assoclations to protest to €oneress 
When, however, there seemed to be ven 
eral apathy 
effective on March 15, 1870. 

Dr. Barnard had faced an almost im 


on the subject. he 


possible test The elementary schools in 


the North had suffered durine the war, 
in the South 


The 


rapidly set 


and those which had existed 
had been completely wrecked 
‘*‘New West,’’ 


tling up, needed much aid in shaping its 


Which was 


schools. To do all this work the com 


missioner was e@iven a force of but fou 


employees and funds amounting t 


shehtly in excess of $12,000 to cover sa 


Witl 


made an ex 


aries and expenses for two years 
this meager allotment he 
tensive survey ol the schools ot the Dis 


f Columbia But the 


he did as commissioner consisted of ex 


trict work whiel 


amining the history of educational ex 


] 


periments, the dismissal of educationa 


reformers and the biography of great 
teachers. During most of the time that 
he was in office the Secretary of the In 


terior was hostile to him. The Congres- 


resigned, 
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(quotes tl secre < 
eliminatiol he Dep 
cation on the grow t th 
necessity | KnOW]) i 

ver abou Nob ci ¢ 

' fH rns , P 

Lhieor’e pra 1 | eXpr ence 1 ) 
nard brouelt nobody ey 

more cist rte he experlel 


clic 
When he retired 1 
Mareh. President Grant ; Dy 


eral John E; 


iton, of Te 


destined tT. serve Ter’ me? 
ears Hy )) ISSeCSSEC(! 1) 
eratiol rom the (¢ ! PSS 





to the National Edueation \ as 


he called attention to the ) 





office. On the negative side 


tion he said, ‘*The Nation ( 
ment should take no action 
TO decrease local or iIndividua 


education mclin 
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) 0 ‘ or | QS 
1) 
National Governme) ! ts 4m He resjey : 
to public « tion may suffer 1886, and Nat H.R. D 
the local re] pr blems Alaban 7 nted h P 
nee that sha result } t | 


a | if the principles 


power 7? ()) ( t lye . 


rm similar in content eve) 


eon men} ! tT AT Thre } } } HIS 
sioner Of education has stood. These qualifications. | 
ciples have served as a Gulice r thre nal q , ? 
vhich should be perl rmed in tl 


Eaton represented the Depart 


l ISSIS nts we 
the Interior at the Centennia ence in ea 
s mn in 1S7 vas chief of the direction a se) 
} rtment of Edueation for the Ne eto? 
Urieans Exposition, and was president vas beeu S 
Internationa (oneress of Eduea hnder 1 
held there Durine his term thr partment Johns H 
ry Was very largely nereasesr , re « 
“0. in addition to Dr. Barnard’s ' 
Ss. There were not ve 100 \ mes 1) ery) ae <7 
vhen Eaton left ther ere TS.000 IS89.) and e ¢ \\ 
volumes and 47,000 pat phlets | rre I] . Mass 
ver, the assistants in the office had had been superintendent 
ased from 2 ti oS, for durine S mt 7 iis. Miss Dr. H 
statistical work had been be ! 


the edueation: 


I -¥ ce ! Alaska America} 
mect. 
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philosop! VY won him an honor: rs 
degree from a 


When 


appeared, Harris wrote a review, 


university 
Spencer's 
but 
urnal would 


unable to find a j whic 


iccept it he founded The Journal of 
Npeculative Philosophy, which he edited 
rom 1867 to 1893. During his term the 
ork in foreign edueation was beeun 
nd took on very great importance. It 
is also while he was commissioner 


Act was passed. 


Ile had not niv the neest term 1n the 

story the office, but also when he 
came in was so well known from the 
point ol view ¢ his leaders] Ip nad his 


grasp on education that correspondence 
the 
's opinion rather than the 
Incidentally, 


proved In the lone 


1 


came into the office asked 


commissionel 
opinion of the office itself 
this tendeney run a 


made virtually all the 
office 


and 


weakness, for it 


issistants in the 


merely 


if the commissioner, when he grew 


work 


ive to the 


he did at 


was unable to oO 


that 


old and 


the same attention first. 
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PHILANDER P. CL 


DR. 
(‘OM MISSIONE! ED Oo 1 


t OF 


the office suffered He als 
vive sufficient ittention 1 ( 
with the result that his success 


1 
of touch with the work 
When Dr Harris aved al 


beevan to Tall, the matter of a ret 


ie committee on education ent 


for him 
the Carnegie Fou 
of Te 


ready TO wlve 


Salary Was taken 


friends with 
the 
When they 


pension he 


ror Advancement 
were 
June 30 

Elmer E 


Brown 


resigned on 
by 


itornia 


and was succeeded 
Brown, of Cal 
ately eave his attention to 
of internal 
from the 
the library of the Office of E 


a workable the 


organization, secu 


Congressional Library 


basis; brought 
which were from one to tl 
up to date, and began the 
series of bulletins which had _ be 
10 He bi 
work to the attentl 

of the Interior and ¢ 


and attempted to secure for the 


years before 


thorized 
the 


office 


Secretary 



























S?Y0.000. and the @omml1ss er s yrs 17 


authority on the rural school and ad been vote ( 


number of a-dollar-a-vear me var es] 


educational organizations. At prop 





frovernments and to colleges o evoine oO} nal 1) 1) 


in education ; t) to approve the this admn { ie 


medical aid to the natives of 11th day of Kel 1Qa?9 \ 





first t] ree are essentia I r¢ researe} 
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ry was advanced from $3,500 
In May, 1911, he submitted his 
1 to bee me eteety | - 


were appointed Oceas In -lune. 7 
were put on the pavrol at lay ec T 


ar and vliven appointments At 1 S 


who were really paid secre ( 


vor} | This fice pn rye ne PX < 
hee! ] 1 ( ect expert Sp S \ 
statistics on edueatior ear me 
ate these amone the severa S assistants 
tO Serve as il expert adv Sel 7 S ( T1Z¢ ‘ 


matters: (3) to econduet re b the Ame it ( 1) 


to and the disbursements l Bue 


erant colleges under the Mor mace t 
Nelson acts: (5) to direct the educ On tl 1 \ 192s, ( 
processes for the natives. of sioner T 
to superintend the reindee) dent of 1 
the Alaskans; and (7) to present con 


these duties the last four brief stu 


he said TO he adm nistra ‘o ded to Y 
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DR. JOHN JAMES TIGER 


Education which had been used in 


acts and tor whieh 


appropriation 


there was no other authority, was aban 


doned in favor of Office of Education on 
in order of the Secretary of the In 
terior 

The commissioner visited Alaska the 
was in office and inves- 


first 


Summer he 
the schools and other work as 
far as he was able 7 
that Alaskan aff: 


handled 


tieated 
his econvineed him 
uld not be sue 
the Office of Edu 


November l, 


secretary 


irs ¢ 
‘esstully by 


cation Accordingly, on 


1929, 


by 
Interior. The 


order of the 
reine er service Was 

Alaska, 
of a 


neces 


Governor ot 
in the 
could give it the 
During the 


ferred to the 
thereby placing it hands 
ocal officer who 
sary attention promptly 
Oormulation of 
1930 he 
cation of the 
ferred to the commissioner of 
if the In 


unsuccessful, largely for the 


the appropriation act of 
ffort TO have the eau 
of Alaska 


education 


mace ah e@ 


natives trans 


territory this, however, he 


reason 


was 
that 


( ‘ongeress desired some 


members of 


edera 


ott cer 
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ror the expenditure 


as then 


ind the 


dee 


transterred to 


is superyvis 


publicat 
researc! 


isSIstant 





OnS 


and 


lM edica 


wmied TO 


SerV ice 


the Indi: 


under 


Inder 


nvestivat 


COMMISSLONe! 


fundat 
then. 
which 


di 


the 
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under the chief of that di- 
< This last division includes all 
snecialists whose field lies in more 


f the other divisions. It also 


1 the surveys of states and eities 
had Leen begun in Commissioner 
is time and had been 


useful to the office in keeping its 


which 


ers closely in touch with affairs in 


major division of 
further 


research and 
subdivided 


A division 


estigation Was 


five minor divisions: (] 


leves and professional schools 
succeeded to the work formerly 

ae by the higher ed ition di- 
This involves certain special 

sties of the colleges and universi- 
s the land-grant college statistics 
are required by law, dealings 


the professional associations and 


eys of institutions or of states so far 


s the collegiate institutions are con- 
rned. (2) The division of American 


schools which sueceeded to the work of 
former city schools division, and 
ilso to that of the rural schools division 
so far as these rural schools presented 
similar problems. (3) The division of 
special problems which took over the 
rural school problems of transportation 
ind other due chiefly to 
sparseness of population, and added to 
these the education of children who are 
physically or mentally handicapped and 
To it also 
were assigned Negro education, which 
had existed as a division in Commis- 
sioner Claxton’s time, and the education 
indigenous peoples, as the Office of 
Edueation had control of the natives of 
Alaska for 40 years and had made great 
progress in the vocational education of 
these people, but had not really made a 
fundamental psychological study of 
them. (4) The division of statistics 
which had grown up gradually; and (5) 
the division of foreign schools which 
had only about half enough assistants. 
As soon as it is possible for Congress 


problems 


those who are supernormal. 


THE 





UNITED STATES 








to vote more mol ve W Lo l 
the divisions the follo y specialists 
To the service division, a specialist 
extension education; to the division 
American schools, a specialist on s 
Supervision ; to the division ol sp i 


problems, an expert in the ed 


indigenous peoples; and to the rl 
schools division, two experts 
the schools of the Orient and another 
the schools of Spanish America. The 
addition of these five specialists wv 
make the Office of Education a re 
ably efficient workable organization To 
them should be added a few assista1 
In making the office a strict yv research 
organization, it became necessary to get 
funds from Congress to pursue thi 
lowing projects. The first one attempted 


was a National Survey of Secondary 
Education, authorized by C 
1929. It have a 
division 
would be temporary, w 


Oongress li 
new 


: ? 
personnel 


was decide 
in the office whose 

ith the exception 
of one man who would be the man regu 
larly employed in the office for that 
Two hundred and 


| = 


twenty-five thousand dolla 


plece of work. 


4 were ap 
peri 
It was found upon investi- 


1 of 
ui Ui 


propriated to be spent over a 


three years. 


gation of the plan submitted by the 
National Committee on Research in 
Secondary Education that it would 


give no information on the history of 
secondary education, on the aims and 
purposes of education, on teachers of 
secondary schools or on the costs of such 
schools. It decided, however, to 
omit the history of education. The 


aims and purposes of education, it was 


was 


felt, would be largely copies of the car- 
dinal principles which were published 
by the office in 1918. The teachers and 
the costs of secondary schools could be 
gathered in other surveys along with the 
costs and teachers in other schools. <Ac- 
cordingly, the survey gave its attention 
to the curriculum, the extra curriculum, 
the organization of administration, 
Dr. L. 


guidance and similar problems. 
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V. Koos, of the University of Chicago, 
an outstanding man in the field of sec- 
ondary education, was made part-time 
associate director and was allowed to 
build up his staff both with part-time 
and full-time workers. The money was 


appropriated, $50,000 for the first year, 


$100,000 for the second year and 
$75,000 for the third year. These 


amounts included the printing, as well 
as all other expenses of the survey. 

In 1930 Congress authorized $200,000 
for a survey of the education of teach- 
This over a 
three-year period, but for the third year 
the appropriation was cut by $20,000, 
making $180,000 available for the en- 


ers. also was distributed 


Likewise for this survey the 
member of the staff had teacher 
education in hand was assigned as co- 
ordinator. Dr. E. 8. Evenden, of Co- 
lumbia University, obtained as 
part-time associate director. The work 
of this survey will be practically finished 
on June 30 of this year. 

The third survey, in school finance, 
was approved in 1931 for $350,000, dis- 
tributed over a four-year period. Dr. 
Paul R. Mort, of Columbia University, 
was secured as part-time associate direc- 


tire study. 
who 


was 


tor, and the specialist in school finance 
in this office was assigned as the coordi- 
nator. At the end of the first year of 
this study, the financial crisis made it 
desirable to balance the budget. In at- 


tempting to do this Congress eliminated 
this study entirely. 


As a result only 
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one volume, a bibliography 





tional finance, was published 
ernment funds. Of the five fi 
had been outlined for investig 
only could be brought to a 
and to do this required more 
this emergency the General E 


Board’s executive committee Sapl 
all the money which the cor i 
could grant. With this fund tw 1796. tl 
volumes are being published: 0 aa n 
the state support of schools, w , aie 
the imprint of Teachers College, | “le wl 
bia University, and will be wid eel rat 
tributed free. All other proble1 - 7. 


had been started in the other { 


fom 
will be published under an imp: 

the American Council on Edueat natura 

sold to persons who are interested. 1 tal acu 

volume will be entitled ‘‘ Research P stie, @ 
lems in American School Finance.”’ not fir 

While the depression has tem had 
put a stop to this special survey » bears 

which was directed by the commis turned 
personally, it is hoped that when t At t 
government finances are in better s tered 

it will be possible to resume surveys of in vie 

this sort. Two y 

A survey of special educatio: nstitu 
already been discussed and approy enginé 

the state superintendents of pub for pr 

struction. A survey of elementary Empir 

eation was in the process of formulatior brougl 

These two surveys as well as the st ft th 

of school finance should be taken up as The d 

soon as funds permit and carried to a hang 

conclusion. but tl 
S udy 

prove! 

n 18 

corps, 

his sh 

It v 

his h 

mined 

applic 

His s 

mathe 

histor 
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SADI NICHOLAS LEONHARD CARNOT 


Professor E. H. JOHNSON 


DEPARTMENT OF PHYSICS, 


Sapt NicHoLAS LEONHARD CARNOT was 
horn in Paris on the first day of June, 
1796, the eldest son of the noted French 
Lazare Nicholas Mar- 
Surrounded by a fam- 


ithematician, 
oyerite Carnot. 
ily whose members through 
venerations had held political and mili- 
tary posts of the first importance, Sadi 


) 
r 


several 


not’s brief life was denied no essen- 
for brilliant achievement. It 
natural that he should display the men- 
acuity that was a family character- 
istie, although his latent did 
not find their proper outlet until after 
he had left the fields in which his for- 
bears had found fame and 
turned to scientific investigations. 

At the age of sixteen years, Sadi en- 
tered the Ecole Polytechnique, having 
in view a career as a military officer. 
Two years later he went out from the 
army 


( 


al 


was 


al 


abilities 


lasting 


institution commissioned as an 
engineer and with excellent 
for promotion, but the downfall of the 
Empire and the Bourbon Restoration 
brought such family reverses that he 
left this branch of the service in disgust. 
The duties assigned to him under the 
changed régime were not only irksome, 
but they allowed no time for private 
study and offered little hope for im- 
provement in the future. Consequently, 
in 1819, Carnot turned to the staff 
corps, where he won a lieutenaney on 
his showing in the usual examinations. 

It was during the next few years that 
his health seems to have been under- 
mined beyond repair, so ardent was his 
application in the pursuit of knowledge. 
His studies took him into the fields of 
mathematics, physics, chemistry, natural 
history, political economy, music and 
the fine arts in general. Apparently, he 


pri spects 


KENYON COLLE‘ 


- 
himself wi it mere) L, 


drove 
periods of intense st lady were broke 
only by like excesses in athleties, es] 
clally swimming and fencing 
physique was never robust, and was 


inevitable that such e¢ 


heavy demands on both mind 
should lead to a final breakdown 


and body 
For a number of years cholera 
been epidemic throughout the Far East, 
and Asia Minor. In 
reached London, and soon 


India 

1832, it 
after it appeared in France 
Italy. 
Carnot fe 
ran into brain fever. 
he had fully 
taken by the 


It was during this year tha 
ll a victim to searlatina, which 
And then, befor: 


recovered, he 


dread Asiatic 


and he died in Paris on August 24 
1832. Thus, after a span of only 
thirty-six years, ended the physical 
eareer of ‘‘one of the most original and 


profound thinkers who have ever dé 
voted themselves to science.’’ 


[To appreciate the ‘mmstification f 
pI : 


such a sweeping assertion, it is neces 
sary to survey not only his own work 
but also some of the theories of his 


predecessors, and the | 


remarkabl devel 


opments that have followed during the 
century since his death. 
From ancient times there have been 
numerous speculations concerning the 
nature of heat. For present 
these may be grouped under two gen 
eral theories. One of these 
heat as a fluid substance, and, although 
it was overthrown during the first half 
of the nineteenth century, our -present 
terminology retains many reminders of 
this view-point, such as ‘‘flow of heat,’’ 
*‘quantity of heat,’’ ete. The other 
theory, possibly equally ancient in its 


purposes 


regarded 
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os, regarded heat 
(427-347, B. C.) de- 


n. Plato 
at heat and fire are th 


motion. Several hundred years 
Titus Carus Lucretius (99?-55, 
1 Roman didactic author, wrote 


rk ible poem entitled ‘‘De 
’ and in it he diseus an 


his ‘‘Novum 
1561-1626 


f substance. In 
1m, Francis Bacon 
| that 
ement of the ‘‘ perpetually 
small parts « f bodies 
seems to have been accepted by 
Bacon’s English follow- 
Europe 
philosophers still preferred to re- 


majority of 

hough in Continental 
in a body not as the mo- 
but 


1 the heat 

of its own particles, rather of 

particles of a peculiar fluid that 

l ready passage through 
To 


rved phenomena, this fluid was re- 


the pores 
the body. account for various 
highly elastic and very 

substance. However, in 1664, 
Robert Hooke, in his 


“1 that heat 


Lila@t ii 


led as a 


**Micrographia,’’ 
is ‘‘nothing else but a 
hement 
parts of a body.’’ 
not 


brisk and vi agitation of 
Apparently, this 
uncommon the 
enteenth century, numbering among 
ts adherents Descartes, 

Boyle and Newton. 


i 


WY was during 


Amontons, 


In spite of these leanings towards the 
dern energy theories, many philoso- 
ers during the seventeenth and eight- 
nth centuries clung to the material 
ry of heat. In 1756 Joseph Black, 
who was professor of chemistry at Glas- 
gow University, investigated the prob- 
m of the disappearance of heat when 
melts and when water boils. Such 

a change of state is not in itself 
panied by a change in temperature, al- 
though a large amount of heat is ab- 
sorbed in the process. Black regarded 
heat as a fluid substance, and he came 
to the conclusion that its disappearance 
was due to a sort of chemical union with 
the substance being melted or boiled. 


accom- 


hidden, as distn shed fro 

sib] ! St 3 a 

We now ) re is 

heat | I S 

wl iT r! I ~ 

to cause t r 

Increases } 

parth ; 1 N 
less 

to have @g ls suppo! na 
sidering the dea 

ments, 1 iS I 

widely accepted ( 
temperatu! a 

depend on t ( 

stance or ‘‘caloric’’ it ntained At 
Same time 1t Was Delleved that 1 


quantity of caloric in the univers 


unalterable. Sol investigat 
lieved that thermal condu Was | 
to the self-repellent characterist 
particles of caloric, perhaps aided | 
attractive force between then ind 


| , 
particies or the 


conducting bod) Natu 


was at first believed 


rally, caloric 
possess the comm n char 
matter, 
Count 


quiry Concerning t 


] 
namely, weilgut, DUL In 


Rumford made his famous ‘‘In 


in which he carried out a series of pains 
and 
brought him to the ce 


taking delicate experiments 
nciusions tha a 
body acquires no additional weight up 
being heated, or rather, that Heat has n 
effect whatever 
bodies, ’”’ and 


tempts to discover 


upon the weight 


furthermore that ‘‘all at 


upon the apparent 


be fruitless.’’ Rumford further decided 
that it is ‘‘extremely difficult 
quite impossible, to form any dist 


idea of anything capable of being ex 


cited and communicated in the manner 
the Heat was excited and communicated 
experim¢ 


4 
nts, 


in these 
tion.’’ 


except 1f be m« 
In other words, he regarded 

heat generated in his tests as a trans- 
work done in 


formation of the its pr 


duction. 
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At about the same time that Rumford 
was carrying on these investigations, 
Humphry Davy succeeded in melting 
two blocks of ice by merely rubbing them 
together so that their friction was the 
only source of the heat causing the melt- 
ing. The conclusions seemed unavoid- 
able, and the calorists were forced to ac- 
cept them in part, at least in so far as 
the question of the weight of heat was 
concerned, and thus it was that caloric 
became one of the imponderables. 

Still there were others, who, ike Rum- 
ford, had a growing suspicion that there 
was a definite relation between work and 
heat. Ignorance of this relationship, or, 
as we now say, of the principle of the 
conservation of energy, had for centuries 
led many serious workers to attempt the 
making of perpetual motion machines. 
Nineteenth century experimental tech- 
nique had to undergo several decades of 
development before the mechanical 
equivalence of heat could be determined 
with such quantitative precision as to 
bring universal acceptance of an energy 
theory. When, however, it finally be- 
came certain that heat was not a mate- 
rial substance, and that energy could 
only be transferred, the search for self- 
motivating devices that also should act 
as perpetual sources of power came to 
an end, so far as intelligent investigators 
were concerned. But before leaving the 
point, it should be noted that the actual 
measurement of the equivalence between 
work and heat was a step quite distinct 
from the recognition of the immaterial 
nature of heat. 

At the time when Carnot began his 
famous investigations in this field neither 
the non-material nature of heat nor its 
mechanical equivalence had been demon- 
strated conclusively. Being an engineer, 
he naturally was interested in the prob- 
lem of how much work might be obtained 
from a steam engine. He not only began 
by accepting the still-prevalent caloric 
theory, but also the doctrine of its con- 
servation, although the experiments of 


Rumford and Davy had ind 
heat was actually generated. 
we searcely can say that these 1 
serious handicaps, for he saw 
basic problem was one of mu 
application than to the stea 
alone. Its treatment should 
enough to embrace all heat 
any type whatsoever—a convi 
was expressed early in his pa 





Although this was his only pu 
the ‘‘ Reflexions sur la puissa 
du feu et sur les machines prop! 


veloper cette puissance’’ stands as a ' 


sic, because of its keen analytica 

as well as the importance of a 
sions. Carnot began by decl — 
‘‘in order to consider the ger 

motion by heat in all its genera 

essential to reason independent = 
particular mechanism or specia :; 
the conclusions obtained must | in N 
cable not only to the steam eng : 

to any imaginable heat motor, Ss 

be the working substance emplo) sl ar 
the method of its use.’’ Wher fr 
siders the possible scope of suc : : 
lem, it is not surprising that its ens 
over a hundred years ago shou 

had a wide influence upon t i8 
velopments of the century that 1 ee 
elapsed. ; 

In building up his general arg pr 
Carnot discussed the performance f 
steam engine in some detail. He! r : 
tained that the production of m 
always accompanied by the resto: may 
of thermal equilibrium, 1. e., by t 7 
sage of heat from a hot body to a ; 
one. Thus, he pointed out that . 
steam engine 8 = 
the heat produced by combustion pet tel 
walls of the boiler, and generates stea fall 
which it becomes incorporated, so t fr 
This steam carries heat with it to the 
where it does a certain amount of w , 
from there passes on to the condenser jus 
it is condensed by contact with the cold wate! fro 
In this final stage the heat that was gener 7" 
by the combustion is absorbed by the cold wate lat 


of the condenser. It is heated by means 
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. s if it had been placed directly 
r The steam is only a mediu for 
r of the heat. 


believed that it was the trans- 
at rather than its destruction 


shat resulted in work. On this point he 


renera n of motive force na steam 

s not aue §s mut h to the ictua cor 

heat, as to its passag from a hot 
} d ome e. T the restoratior of 
3 brium, which by some means, such as 
action, combustion, r in ny < er 

- s been disturbed. This principle ay 
plies to all mac hines that are set in tion by 
means of heat 


al, whenever a temperaturi 
] + 


sists, and where it is possible to restor« 


temperature equilibrium, a moving force can be 


produced. Steam is one means for acquiring 
this for but not the only one; all substances 

Nature can be used for this Pp irpose ; all are 
sul t to volume changes, successive contra 


tions and expansions with alternations in their 
warmth and coldress; by these volume changes, 


re capable of overcoming certain amounts 
| > 


bs ait 
of resistance, and in this manner of producing 
moving forces. A solid body, such as a metal 


rod, increases and decreases in length if it is 


alternately warmed and cooled, and it is able t 
A fluid that 
Is aiternate ly heated and cooled undergoes an 
increase or a decrease in its volume, and can 
move bodies of considerable weight that may 


bodies attached to its ends. 


its expansion. Temperature variations 


produce large changes in the volume of a gas 
if it is in a flexible container, such as a cylinder 


i} 


provided with a piston, and can produce con- 
siderable movement. The vapors of all sub- 
stances that can exist in the gaseous state 


may be used in the same manner as steam. 


The above statement shows clearly that 
1824), Carnot 
had in mind only the transfer of heat 


without loss, from a higher to a lower 


at the time it was written 


temperature. He was thinking of the 
falling of a material substance (calorie 
from a given temperature level to a lower 
one, whereby it is enabled to do work, 
just as water turns a wheel by falling 
from a height without any alteration in 
However, in some of his 
were 


its quantity. 


later miscellaneous notes, which 


first publishe 


L. H. Carnot. 
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7 ; 4 ; 2 hh: nre is hicher dnring 
than is justified by the state of his specu- ‘ture is higher during a 
/ } than when the mov ent is 
lations at the time, because, throughout H 
: Se nee, during é rmer 
his paper he uses the words ‘“‘ heat the air is grt r, and g 
(chaleur) and ‘‘ealoric’’ (calorique from the expansion is g 
interchangeably. ployed in compression. H¢ 
: . “2 , . plus of motive force, w h 1 
In the more significant part of his * , > , 
; is desired. The air has si 1 
paper, Carnot discussed in detail the — gubstance: it has been 
changes occurring when the working sub-_tageous way possil 
. . + + 7 } + 
stance is carried through a complete restora equ 
eycle of transformations, as follows: This series of transformat 
Let us consider an elastic fluid, such as at- tutes what 1S known as Cart 
mospheric air confined in a cylinder that is pro- As here used. a ‘feyele’’ me 


vided with a movable partition or piston. 


Aleo let ti) “nigra? a s and B , u¢ Of operations to which a giv 
Also let there be two bodies, A and B, each o 





constant temperature, that of A being higher of a substance is subjected, 
than that of B. Now imagine the following turn entirely to its initial st 
series of operations to be carried out: be remembered that Car 

l. Place the body A in contact with the wall . . . 

. Bethe reasoning in accordance wit! 
of the chamber containing the air; we assume : eae : 
that it transmits heat easily. As a result of P!e Of the conservation or er 
this contact, the air acquires the ten perature measurements, always diffieu 
of the body A. ecruder in his time than th 

2. The piston rises steadily. The body A is and he knew of no reason for 


kept in contact with the (cylinder containing. : 
a ing that the amount of heat 


the) air, whereby the air is maintained at a 
constant temperature during its expansion. by an engine is the same as 
The body A supplies the heat (calorique) neces- it has received. It was not 


sary to keep the temperature constant. 

3. Now the body A is removed, and the air is 
no longer in contact with a body that can sup- 
ply it heat; however, the piston continues to that an engine does not vive out 


after Carnot’s time that ex) 


were performed which proved 


advance. The air is rarefied, without acquiring heat as it receives. When a 
more heat, and its temperature falls. We will 
assume that it falls to that of the body B; at te . ; 2 
this point the piston comes to rest. acteristics is carried through a 


working substance that has 


4. Now place the air (chamber) in contact returned identically to its 
with the body B; the air is compressed by push- dition. it is wunnecessarv to 
ing the piston down. However, it now remains ; 
at a constant temperature, because it is in con- . 
tact with the body B to which it gives up its ®2Y actual working substance 
heat. not the case. Nevertheless, C 

5. Now the body B is removed, and the airis shble to show that a ‘‘reversible’’ 
still further compressed, which produces a rise 
in temperature because it is now isolated. The 
compression is continued until the temperature tures, would have the greatest 
of the air reaches that of the body A. possible ; hence, greater than t! 

6. Now the air is again placed in contact 
with the body A, and the piston returns to the 
position previously reached under Operation 2. 

7. The step described under 3 is repeated, of this idealized engine depe 
and the other steps follow in the succession: on the temperatures between 
4.5.6, 3.4.5.6, 3,4,5,6, ete. 

During these various operations, the piston :s . as 
subjected to a greater or less pressure by the the temperature of the source (1 
inclosed air; the elastic force of this air varies that of the condenser (T.). T! 
partly because of changes in volume, and partly efficiency is given by E 7 (T. —T 
because of variations in temperature; but it A . : ae 
should be observed that for equal volumes, i.e., In 1854 the German physicist ‘ 
for similar positions of the piston, the tempera- ius showed that Carnot’s conclu 


changes in its intrinsic energy, 


working between two given t 


real engine, which, of course, is 
versible. He proved that the 


works, 2. e., on the difference | 
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} Ls e 4) . wot} } 
yn the idea of the reversible eyele, 


i 


still applicable and useful, although 


id been conceived in ignorance 


true nature of heat. Only sligh 


vations were necessary to adap 


to the newer dynamical theories, 


thus they became important and 
anent features in the science ot 
rmodynamics. He pointed out that 
t was the first to observe that when 
hanieal work results from a thermal! 


ss, heat passes from a hot to a cold 


and, conversely, he at can be mad 


pass from a colder to a hotter bod 
the expenditure of mechanical work 
usius then carried the reasoning a 


ep further and stated that ‘‘heat can 

of itself, pass from a colder to a 

r body,’’ a generalization known as 
Second Law of Thermodynamices. 

In the light of modern thermodynamic 

ries, Carnot’s investigations seem ex- 


‘eedingly simple, but their influence has 


/ 


wn that they had the qualities of 


7 


nspiration. He not only denied the 


N 


I} 


ossibility of perpetual motion, but in 
uggesting a new method of analysis, he 


mtributed incaleulably to the theoret- 


| and practical advances made during 
» latter half of the nineteenth century. 
ither he nor any of his contemporaries 
uld have foreseen the wide application 
the principles which he enunciated. 


inumerable investigations based on his 
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ESSENTIALS OF THE GENERAL RELATIVITy 
THEORY 


By Dr. MAX TALMEY 


NEW YORK, N. Y. 


ORIGIN AND CHARACTERIZATION OF relativity theory turns upon 1 
THE GENERAL RELATIVITY 


THEORY ciple and is thus, on the wh 


theory of gravitation. To 

[ue general relativity principle may  gjeht into it we have to know 

. i > ‘Oo iS] t r as "( lov : | sorn4 : 
be stated pr visionally as f lows : All the ceneral relativity principl 
systems in any kind of motion are the equivalence principle is a 
equivalent for formulating the laws of form ean be maintained against 
nature. This means that all motion is objections to it. 
relative in contradistinction to the 


special relativity principle,’ according VINDICATION OF THE GENERAL R 
to which only uniform rectilinear mo- TIVITY PRINCIPLE 
tion is relative. The phenomena of the jolt a: 


The basis of the general principle is_ eentrifugal forces are apparently 
the discovery that gravitation, 1.e., the patible with the general relativit: 
tendency of a body toward any other ciple. The passengers in a train 1 
body, and inertia, t.e., the disposition of uniformly on a straight track n 
a body to resist a change of its state of sider the train and everything 
motion, are but different manifestations be at rest and the world outsid: 
of the same quality of matter. What be in motion. But when the tr 
led to this discovery is the circumstance, denly changes its velocity or ! 
known but unheeded before the relativ- turn, that is, when it undergo: 
ity theory, that the gravitational mass_ eeleration. the passengers recely 
and inertial mass of a body are equal. agreeable jolt, a pull backward 
From the equivalence of gravitation and wards or sideways, and objects 
inertia was deduced the principle of train are thrown about. The 
equivalence: Acceleration in one direec- vers can then no longer decelvi 
tion due to any force is equivalent in its selves by imagining the train 
effects to acceleration in the opposite remained at rest and its surroun 
direction due to gravitation. This prin- have suddenly moved, thereby p: 
ciple is of great value in the investiga- ing the disorder. Likewise rot 
tion of the gravitational phenomena. tion is recognizable by cent 
Accelerated motion produced by a force phenomena. From the rapidly 
at our command is examined in a lab-_ grinding-wheel spurts the water 
oratory. The results obtained can be which it is wetted. A pliable 
applied to gravitation by reason of the rotating swiftly becomes flattened 
equivalence principle. The general poles. The phenomena of the )j 

1 Acquaintance with the special relativity eentrifugence consequent upon ac 
theory is necessary to understand the general tion and rotation indicate non-u! 
one. Those uninformed are referred to the motion and identifv the svstem 
writer’s essay published in the ScIENTIFIC ; : 
MONTHLY for January, 1932, under the title 
‘*Fundamentals of the Relativity Theory’’ and 
obtainable from the writer as a reprint. marks non-uniform motion as abs 


is observed. Their cause can lie « 
this system and nowhere else 
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furnishes a strong argument 


he general principle. 


But there is a more potent counter- 


ent. Suppose the train, the 
ling-wheel, the pliable sphere re- 
main at rest and the universe about 
undergoes an acceleration. Are 


en sure that objects in the train 
1 not be shaken, the water not 
spurt from the wheel, the sphere not 


¢ 


late? The possibility or these 
nomena of the jolt and centrifugence 
rring under the assumed condition 
not be excluded. Hence they are 
ifficient to mark non-uniform mo- 


i 


as absolute. Their cause may be in 
universe around the system wher 
are observed; they would appear 
system remained at rest and the 
universe were accelerated or revolved 
ind it. The phenomena of night and 
day justify this reasoning. They may 
be due either to the earth rotating 
iwainst a stationary firmament or to the 
firmament revolving around the station- 
ry earth. The second view was the 
accepted one until Copernicus replaced 
by the first one. Non-uniform motion 
is therefore relative as postulated by 
general principle. 


EQUALITY OF GRAVITATIONAL Mass 
AND INERTIAL Mass 


The general relativity principle thus 
rests first upon the assumption that the 
masses of the universe exert a force 
upon any system. Such a ubiquitous 
force in nature is gravitation. Newton 
eorgnized it and established its law: 
Any two bodies tend toward each other 
with a force equal to the product of 
their masses divided by the square of 
their distance. He conceived gravita- 
tion and other forces to act across empty 
Space without intermedium. Modern 
physies does not acknowledge this 
‘‘action at a distance’’ but assumes that 
a body imparts to the space about it cer- 
tain qualities by means of which it in- 
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hence we obtain: my=W/g=m. The 
law of the equality of gravitational mass 
and inertial mass is thus proved. This 
universal law, as can easily be shown, is 


the reason why all bodies fall equally 


The equality of gravitational mass 
and inertial mass was known long before 
the relativity theory, but was consid- 
ered as something accidental and unim- 
portant. When its vast significance and 
the close connection between gravitation 
and inertia as different manifestations 
of the same quality of matter were dis- 
covered, the general theory developed. 
The bearing of this discovery upon the 
theory is elucidated through the follow- 
ing illustration. 


EQUIVALENCE OF AN ACCELERATED SyYs- 
TEM TO A SMALL Part oF A GRAVI- 
TATIONAL FIELD ACTING IN THE 
OPppPposITE DIRECTION 

The room of a physicist is transferred 
to the interstellar space, where there is 
no gravitation. Objects exert here no 
pressure on his hand and remain float- 
ing in any spot where he lets them loose. 
A thing thrown towards one-of the six 
walls moves with steady velocity and 
remains on it at the point toward which 
it was directed. A cord attached to the 
ceiling is not stretched by a ball fas- 
tened to its other end. The physicist, 
knowing that he is in a space free from 
rravitation, does not wonder at these 
phenomena, since they are characteris- 
tic of such a space. 

A mysterious being begins to pull the 
room upwards with steady force by a 
rope attached to the roof. An observer 
outside of the room sees it now flying 
upwards with continually growing 
speed. For a steady force produces ac- 
celeration. The physicist, however, is 
not aware of this motion because he 
participates in it. But he notices a sud- 
den change in the behavior of the ob- 
jects in the room. They have weight 
and fall to the floor when let loose, all 


with the same accelerat 
attached to the ceiling is s 
the ball. 


a. } 
Puzzled at this sudden 


looks about for its cause ar 
the rope Now he belie 
ound an explanation A 
body has appeared below 

the latter is now in the b 
tional field, held in posit 

rope by some power abov () 
consideration, however, |] 
there is also another exp 


power above has suddenly b 
the room upwards. This 
the change of the phenome) 

Each explanation is full 
It is impossible to decide \ 
room is at rest in a gravitat 
acting downwards or und 
ence of an accelerating fore 
upwards. This proves logical]; 
accelerated system and a smal] 
a gravitational field acting in 
site direction are equivalent 
effects and that accelerated 
relative. 

This proof rests upon the 
equality of gravitational mass 
ertial mass, due to which all | 
equally fast in a gravitational fi 
our imaginary experiment all 
approach the floor with the san 
eration because they remain 
position and the floor is pulled 
them. If bodies did not fall 
fast in a gravitational field, that 
of the objects could be explain 
by a pull of the room upwards 


bh 


by an attraction of the objects 


wards. 

4 The lines of motion of objects at 
places are strictly parallel in an 
system, but are radial, that is, « 
towards the center of gravitation, 


tational field. For this reason a larg 
of the latter can not be equated to thi 


In a small part of a gravitational f 
ever, those lines may be considered 


parallel. 
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hall on the cord resists the accel- 


» pull upwards, thereby stretch- 
rd; the 


tension of the 


ball’s inertial mass 


t} eord. Or 


tends toward the floor owing t 


n, thereby stretching the eord: 


l’s gravitational mass measures 


wsion of the cord. The 


! two mea- 
eyrements determine the same effect 
_ istration shows the importance 


law of the equality of gravita- 
and 


eravitation. The effects of 


inertial mass in the 


? LSS 


tion produced by a force at our 
examined and the results 


) n ore 
Hana ai 


ed are applied for determining 
qualities of a gravitational field 


Herein 


law. 


‘ 


lies the physical significance of 


DETERMINATION OF THE QUALITIES OF A 


GRAVITATIONAL FIELD 

The space and time factors of a proc- 
ss in a system may be given. They can 
n be determined, in a purely mathe- 
matical way, for an observer in another 
in accelerated motion 
relative to the first system. By 


system which is 
reason 

the equivalence principle the second 
system is replaceable by a gravitational 
field. The qualities of the latter can 
established mathematically. 
The following example makes this clear. 
The path of a body moving through a 
Galilean or inertial system, 1.e., one free 
from gravitation, is a straight line. 
What shape has it for an observer in a 
gravitational field? We return to our 
imaginary experiment. <A _ bullet shot 
off in the interstellar space enters the 
physicist’s room through a vertical wall 
and flies out through the opposite wall. 
For an observer outside of the room the 
bullet’s path is a straight line through- 
out. For the physicist, however, it is a 
straight horizontal line when the room 
is at rest, a straight oblique line when 
the room moves uniformly upwards, and 
a curved line, a parabola, when the room 
is in accelerated motion upwards. In 


tous be 


to be 


of the latter is thus determin 


In a gravital ain 


a straight line in a Galilean system is 
eurved line in a gravitational field 
This gives us an idea of 
matical complications 
eravitation 
ra gravitational field we can 


varteslan < rdu 


struct a ( 


tion of 
plicable in an accelerated System 


necessitating the us I al 


intricate ge 


tT 


is the mathematics 1 juired ior 8s’ 
in rotation, which is also a m 
eeleration. 

According tft the specia I 
theory a tangential length on ar 
dise is shortened, more when it is 


the periphery than when it is nea 


eenter, while a radial lengt! S 
same value as when the dise is S 
A clock nearer the periphery has 
rotating dise a slower rate than an 

clock nearer the center. The compari 
son of lengths of space and the correla 
tion of intervals of time are therefore 
impossible in a rotating system A 


length and an interval are here indeter- 


minable, since they vary from pla Oo 
place. In a rotating or an accelerated 
system, as can be shown, a squal n 


not be constructed, the ratio between the 
periphery and diameter of a circle is not 
the 
Pythagorean axi 


well-known number xn, and the 
not h id true 


This means that the Euclidean geometry 


m does 
is useless in an accelerated system. To 
describe here the physical processes a 
method is needed in whicl lues of 
lengths and intervals can be dispensed 
with. Such a method is given through 
Gaussian coordinates. 

A Gaussian 


consists of 


the va 
1j 


system of coordinates 
curved 


arbitrarily, the lines of one series not 


two series of lines 
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intersecting each other but intersecting 


those of the other series. Each line is 
represented by a number. A point is 
defined as the intersection of two curves 
and is thus determined by two numbers. 
This refers to a plane surface, 1.€., to a 
continuum of two variables. But the 
same method is applicable also to a con- 
tinuum of more than two variables. 
The continuum figuring in physies has 
four variables, three relating to space 
and one to time. A point in it is deter- 
mined by four definite arbitrary num- 
bers which are its four Gaussian coordi- 
nates. These offer the advantage that 
they indicate coincidences of points and 
thus furnish for physical research a de- 
terminative factor which is independent 
of the system where the investigation 
takes place. A eoincidence of two or 
more points is the only observable real- 
ity remaining the same in all systems, 
in one influenced by gravitation the 
same as in one free from it. In our 
space-time continuum a coincidence of 
points is given when they have in com- 
mon one set of four Gaussian coordi- 
nates. 

We see now that the previous enun- 
ciation of the general principle is inade- 
quate. The term ‘‘system’’ used there 
and the term ‘‘motion’’ everywhere im- 
ply straight lines, lengths and intervals. 
These concepts are indeterminable in a 
gravitational field. Hence they should 
not be used in enunciating the principle. 
It becomes exact when stated as follows: 
‘All Gaussian coordinate systems are 
equivalent for formulating the laws of 
nature.’’ 

The Gaussian coordinates of the 
space-time continuum are brought into 
relation to measurements of lengths and 
intervals through a roundabout mathe- 
matical way. It can be pursued only by 
the most able mathematicians. It leads 
to a general law of gravitation. This 
new law differs from the Newtonian law 
and embraces it in the first approxima- 
tion, that is, when the mathematical eal- 


culation is not earried too 
lies a notable confirmation 


eral relativity theory. 


MISLEADING PHRASES OF, AND | 
IDEAS INJECTED INTO, THE R 
TIVITY THEORY 

A great authority remark 
single man, Einstein, destro: 
dence in the evidence of the E 
geometry,’’ and another one st 
“*the whole edifice of the Eu 
geometry is tottering.’’ To su 
vertent utterances is due tl 
spread notion that Euclidean 
has been overthrown. This is a 
That geometry is not invalidat 
least, but only inapplicable in a 
tional field. A length is here um 
able and a straight line untest 
light ray, the only standard 
straight line, is bent in a gravy 
field. This follows from our in 
experiment. The bullet shot 
the accelerated room may be rep 
a light ray. The latter describes 
rabola just as the former does. A 
Euclidean geometry, 1¢., 01 
founded upon the conception 
straight line, is therefore needed 
study of gravitational fields. Tl 
wise implies invalidity of the Eu 
geometry. 

The quality of curvature was as 
to the space in a gravitational fi 


order to explain why a light ray is | 


and consequently Euclidean geo 


inadequate in such a system. This id 


was an unnecessary and infelicitous 
pendage to the relativity theory. It 
caused great confusion and has inv 


the theory in mystery. The curr 


phrase, ‘‘space is curved,’’ is mea 
less. Moreover, it has not beer 
proved that there is in the unt 


vastly more space free from gravitat 


than space influenced by it. A light 
has not been proved to be curved 1 
former. Now the only criterion 
*‘space curvature’’ is the bending 
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; 


ay. Hence space is vastly more 


‘‘ctrai¢ht’’ than ‘‘curved,’’ what- 


is may mean. The deviation of 
rav in a gravitational field is 


y explained without ‘space curva- 


leflection of light through gravi 


n does not justify the claim that a 
ray traveling through the universe 


deseribe a cirele and return to its 
rin, and the antipodes on the earth 


see the opposite sides of a Si 


ar al 
‘same time. This could be the ease 
if all the innumerable gravitational 
ls traversed by a light ray deflected 
nvariably to the same side. Such a 
ntingency is unthinkable. A ray will 
er pass as many fields bending it to 

. side as fields deflecting it to another 

r to the opposite side. It will, there- 
» not deseribe a circle but an irregu- 
rly eurved line whose average course 
is straight. The notion that the path of 
a light ray in the universe may be a 
mplete eirec'e belongs to the faneiful 
as injected into the relativity theory. 


VERIFICATION OF THE RELATIVITY 
THEORY 
Both the 


treated elsewhere by the writer (see 


special relativity theory, 
note No. 1), and the general one are 


confirmed by experience. Deductions 
from the former are corroborated by 
two astronomical observations, namely, 
the apparent displacement of the stars 
or aberration and the Doppler principle 
and by various electromagnetic and op- 
tical experiments. Similarly, inferences 
from the general theory are verified by 
There are 


three such inferences. to wit, the devia- 


experience, by observation. 


5See the writer’s article, ‘‘ Fanciful Ideas 
Injected into the Relativity Theory’’ (pp. 39- 
40), published in the Am. Math. Monthly for 
January, 1932, and obtainable from him as a 
reprint. 
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INTERNATIONAL RADIO TUNING AT LONG 
RANGE 


By Professor ARTHUR E. KENNELLY 


HARVARD UNIVERSITY AND THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


ALTHOUGH radio broadeasting is only 
in its first decade of service, yet it 
is now well known to the general lis- 
tener that a radio receiving instrument 
can not deliver speech or music until it 
has been tuned to the particular radio 
transmitting station that is ‘‘ putting its 
program on the air.’’ This means that 
each and every transmitting station has 
its allotted tone or electrical pitch, on 
which it is licensed to reach its listeners 
in the far beyond. Since there are 
many radio stations operating simul- 
taneously, these precious radio chan- 
nels through the ether he close together 
in successive orders of pitch, and each 
station must keep faithfully to its as- 
signed tone. It is as though each one 
of the 88 keys of a piano could somehow 
be used for audible signalling by an 
operator, independently of and without 
confusion from all the other 87. If, 
however, the pitch of his note altered 
seriously during operation, say by flat- 
ting, he would probably be brought into 
interference with the operator working 
on the note next below. The electrical 
pitch of a radio station is so high that 
it far exceeds the limits of audibility; 
yet it must not be allowed to flatten or 
sharpen beyond a very small range or 
it will interfere with the next neighbor- 
ing pitch of some other station, which 
may happen to be far away. Nothing 
is more annoying to a radio sending sta- 
tion that is keeping true pitch than to 
find some other station invading its 
channel and confusing its program. To 
keep the radio peace, radio pitch must 
first be kept. 

To facilitate the maintenance of the 
pitch or ‘‘carrier-wave frequency’’ of a 
radio station, electrical instruments, 


called frequency meters, may | 
with the aid of which the statior 
tor can assure himself from tim 
that he is on tune. Oceasior 
course, such an instrument ma 
defective without the operato: 
aware of it, and then it is 
‘*Quis custodiet ipsos custod 

a safeguard, it is not unusua 
standardizing electrical laborat 
as the National Bureau of Sta 
Washington, D. C., to broade 
tain announced times, a carefu 
and specified electrical pitch, 
stations prepared for the event 
compare their frequency mete: 
the signal. In that way, small 
in the indications of such meters 1 
noted, far away from the stati 
ing out standard pitch. 

There is an_ international 
ealled, in the English language 
International Union of Scient 
dio’’; but more generally kn 
Europe under its French title, ‘*| 
Radio-Scientifique Internationale,’’ 
ally referred to by its initials | 
The URSI investigates the scie 
radio communication, and has app 
several international standing. con 
tees to study different aspects of 
wonderful subject. Committee N 
on ‘‘Standards,’’ is interested in 1 


+ 


standards generally, and among t 


in standard frequencies, their emiss 


measurement and intercompar 
This committee has recently issu 
very interesting report on some 
quency-emission tests made last Jur 
the British National Physical Lal 
tory (usually abbreviated to NPL 
Teddington on the Thames near | 
don. 
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INTERNATIONAL RADIO TUNING 


4+ the NPL, there was a specially 


f 


structed tuning fork, electrically 


so as to be kept in action stead- 


< 


a long period, under carefully 
d air pressure and tempera- 
The pitch, or vibration fre- 
of this fork was maintained 


rlv eonstant at one thousand 


1.00 to-and-fro vibrations, or 

s, per second. As t} IS 18S a readily 
frequency in sound waves, and 

{ the note © on the second line above 


eble clef, corresponds, on the sei- 

musical seale, to 1,024 cycles per 

the fork would emit a musical 
pitch slightly below C 

Many electric frequency meters de- 

upon building up successive oc- 

s or multiples on a basic frequency 

1,000; so that if this basic frequency 

pe accurately established. correct 

frequencies of far higher pitch 

be more r adily assured. The ob- 

‘the broadcasting tests was, there 

to enable as many European 

stations as might be interested, to com- 

pare simultaneously their local 1,000- 

pitch forks with the standard fork in 
the laboratory at Teddington. 

At the previously announced hour, 
which was actually midnight Greenwich 
civil time, ¢.e., world time, the standard 

was connected, electrically, by 
derground wires to Broadeasting 
House, London, whence the standard 
frequency of 1,000 cycles per second 
was relayed on, again by wire, to a 
radio station in central England, at 
Daventry, about 125 kilometers north- 
west of Teddington. Daventry has 
Roman remains that show it must have 
been an established settlement in the 
days of that empire. It was also the 
headquarters of Charles I, in 1645, just 
before his defeat at the battle of Naseby. 
The Daventry radio station employs a 
carrier-wave frequency of 193,000 cycles 
per second. Since the highest pitch 
audible to the human ear is about 
16,000 cycles per second, it is evident 
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occupied only a few minutes, the effect 
wire and wireless connec- 
that the standard fork in 


‘ratory was virtually trans- 


of the various 
tions was such 
the NPL labor 
ported into each and all of the 
receiving the 
the actions there locally produced 
to that 
produced, if the 


various 
laboratories—in sense 
that 
might 
had 
the 


were equivalent those 


have been fork 
been instantly transported across 


1 


¢ surface of th 


e clobe 


interven 
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So long as the various 1 
to 
frequencies to within a few 


maintain their st 


able 
millions, it is evident tl 
amity may be expected to 
Every radio link is a bond 
As 


auspices of the 


deve] T 
URSI 


fully anticipated that the 


selence 


radio 
it 1 


exchange of frequencies w 


to all the « 


extend from one 


GROUPS AND THEIR HISTORY 


By Professor G. A. MILLER 


UNIVI 


AMONG the 1932 theorems relating to 
the foundations of group theory is the 
one which asserts that the quaternion 
group is the only finite non-commutative 
group of generating 
elements which includes the product of 
every pair of distinct elements thereof 
without involving all the elements of 
the group generated by it. This theo- 
rem exhibits, in particular, the extent of 


containing a set 


the probable misunderstanding as re- 
non-commutative groups 
resulting from the statement 


that one of the conditions that a set of 


eards finite 


common 


operators constitutes a group is that it 
the product of pair 
thereof. A rule equivalent to the for- 
mula that the number of pairs of n 
distinet 1)/2 was 
given by Ammonius, the founder of the 
but it often 
been erroneously credited to Boethius, 


involves every 


elements is n(n- 


new Platonic school, has 
who lived about 275 years later. 

It is a somewhat singular fact that 
such an elementary theorem has not yet 
been found in the earlier literature. In 
particular, it does not appear in Eu- 
clid’s ‘‘Elements,”’ 
many of the results found by earlier in- 

1Cf. D. E. Smith, ‘‘History of Mathemat- 


ies,’’ Vol. 2 (1925), page 524. 


Ww hich includes SO 


RSITY 


OF ILLINOIS 


vestigators. Such negative resu 
much light on the history of 
lectual development of the hm 
and on the weak points of tl 
matics of early civilizations 
expression for the number 
ean be formed with n distii 
to appear in the n 


literature preceding the Chr 


seems 


there are many evidences ther 
consideration of pairs. For 
Euclid’s ‘‘Elements’ 
which is equivalent 
4ab + (a-—b)? 
represent positive 
assumed to exceed b. 

It has not ' 
sized in the histories of mat 


eonta 

to the 
(a b . wher 
numbers 


sufneient 


been 


that the Greek geometric interp! 


of the rule which is equivalent 


formula (a—b)*=a?—2ab+b 
fundamental importance in tl 
of negative numbers, since it 
to the that a 
multiplied by a subtracted num! 
an added number, 


number multiplied by an added 


rule subtracted 


subtracted 
is found in the ‘‘ Arithmetiea’’ 
TH 


phantus and gave rise later t 


gives a 


ern rules relating to the multipli 


number. T! 





ht 


and a sul 
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tive and negative numbers The even if the number of su pairs 1s 
} + - ? - y ,+ 7 | ue | 
nd t! subtraction Of positive secondary imp 
—_ , } . . f } 
tive numopers Wel cieariy un Che rundadam 
stood long before the operations of iS equi\ t 
















levelopment of the theory of are eons 
numbers was doubtless influ exactly n roots within a group 
by the observation that they may n. There 
the inverses of the correspond- and only vw n is 
ve numbers such as debts when = square 1 prime nu rar 
numbers represent credit: f its prime factors mil ed by uw 


In the 





fnence in the introduction of negative 





rs was the development of a cal- order of a group. 





is of binomials on the part of the always a multipl n roots wit] 






Greeks, especially in the form of group, according to a theorem 






ferences between two positive num- by G. Frobenius in 1895 and know 
rs. This caleulus appears in Euclid’s his name. It is not always possil 
‘Elements,’’ and it became widely and _ construct a group for which ther 






rably known as a result thereof. an arbitrary multiple of such roots 





levelopment of negative numbers The development group 













important element of the history during the last forty vears is 
group theory, since the totality of to the developn mathe 
bers could not be regarded as : ies during t} :, : 





at ‘ ‘ Ta sant . — 
I ILIO!T a ceentn ¢ LUI i 





h respe 








gative numbers and a zero were re-_ the possible groups of a given order and 
garded as a part of their domain the recent determination 
An important element of the defini ders for which a giv ! nul 
tion of a group which has not received groups exist ar mparabl 
t ? (, 


much attention on the part of writers on worl 
this subject is the fact that only two ele- many founded by C. F. Hi 







ments are supposed to be combined at 174] LSOS). w 





same time therein. If more than’ groups and group 





two elements of a group are combined it be compared with 1 develop! 
assumed that the result is obtained by <A. L. Cauchy and N. H. Ab 





f 





mbining successively two of them or to the conv 





] | former | P ’ :, 


combining the result thus obtained The mer led son ised ts 
with another element of the set. Such but the complexity e1 inter 


operation as combining n elements investigators int ther fields. E 







nd al ed . “hye ae 
and also multiplying their ordinary gance and simplicit 





product by m is not considered in group always exerted a power! 





ry for the cases when n > 2. Hence the mathematical investigator. T 





results that the question of pairs of most 300 distinct groups of order 64 





elements is fundamental in this subject 
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appeal to those who wish to use group 
theory as a tool for investigating other 
subjects. On the other hand, the theory 
of the representation of groups has re- 


cently been employed in 
Wigner, B. L. 


and 


successfully 
H. Weyl, E. 
Waerden and 
promises to become a substantial part of 
mathematical 


physics by 


’ 
thar 
otners, 


van der 


physies, even if it has 
red to by some of the workers 


should be 


been refe1 
in this field as a pest whicl 
eradually eliminated. 

EK. Galois and L. 


the development of a 


Sylow contributed 


towards salient 
theorem which is now commonly known 
by the name of the latter and asserts 
that every group of finite order contains 
at least one subgroup whose order is the 
highest power of a prime number which 
the group. The 
former of these two investigators died 


the order of 


divides 
before reaching the age of 21 and is the 
only man who secured at such an early 
position among the 25 leading 
ans of all On the 
ie latter developed slowly 


age a 
mathematic times. 
contrary, 1 
and did not secure a university profes- 


1 
i 
1 
} 
i 


sorship until he was about 66 years old. 
E. Galois stated without proof that if 
the order of a group is divisible by a 
prime number, then it contains a sub- 
group whose order is this prime. A 
proof of this theorem was published by 
A. L. Cauchy in his noted ‘‘ Exercises’ 
(Vol. 3 (1844), page 250). The article 
in which Sylow’s theorem first appeared 
(1872) contains also the theorem that a 
group whose order is of the form p™, p 
being a prime number, contains an in- 
variant subgroup of order p and hence 
it contains at least p—1 invariant opera- 
tors of this This theorem has 
been very fruitful. 

It is not our object to give here an 
extensive list of salient theorems of 
group theory, since many of them in- 
volve points which are of little interest 
to the reader. A list of 217 


order. 


veneral 


such theorems appears in A. Speiser’s 
‘‘Theorie der Gruppen von endlicher 
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Ordnung,’’ second edition. 


1 


object is to give here a few 
the nature of the questions lu 
in this field of mathemati 


This may be justified by the fa 


rrowing general interest 
may be supposed to result fr L 
cent uses made of group 


mathematical physics by H. W ps 


tnis sub} et } 


others, and that 


been recognized as belonging | 
mathematies in the s 
Vol. 1, ‘‘ Enciclopedia tries 1 


} 


elementari.’’ T} 


tary 
(1932) of 


matematiche 


nition is the more interesting, aie 
Italians have made compar ap 
contributions to this field and 
erous references to contribut aus 
this line by American writ aes 
other field are such contribut . 
outstanding. ita 
The difficulties of the student of 1 : ma 
ern mathematics are greatly nee = 
by the lack of uniformity in tl re 
terms and by the liberty exer ergy 
some writers of wide reputation t ) ‘The 
ate from well-established usage A — 
illustration we cite here H. Weber \iterat 
of the term metacyclie for solval nrogr: 
writers who have not yet an estab 7 a 
reputation make such digressions the fo 
commonly regarded as an error as a] 
writers of renown are usually gr sy 
by the mathematical public Ider. 
which unduly tax the younger w iting 
in the same fields. H. Poinearé inclu 
say without refutation ‘‘The pair 
groups is, so to say, entire mathe trate: 
divested of its matter and redu resul 


form’’ (‘‘Acta Mathemat 


pure 
Vol. 38, 1921, p. 145). A sor 
more critical attitude would pr 


tend to lessen the burden of 

whom future progress will be ¢ 

The modern formal mathematics is 

ously not now confined to group t! 

as this term is commonly understo¢ 
The concept of eyclic group is as 

as that of the circle, and hence it is p! 
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that the number of 


3s of the day may be re 


The fact 


. ] < 
carded as 


7 


us with respect to the addition 
e, and hence that the 
eyclie 


numbers of 


urs constitute a group 


respect to addition, was realized by 


neient Babylonians and the ancient 


who employed early a day 
moduli 


iours. Sometimes two 
ised for the day and the night re- 
various other divisions 
In fact, in some coun- 


are 


spectively, and 
ere employed. 
s two moduli, each equal to 12, 
stil] in The fact that all the 
rs of the plane, and also those of 


use. vec- 
space, constitute a group with respect to 
:ddition enters into the experience of 
ir daily life and is fundamental in ele- 
While the concept 
f eyelie group is the 
pr perties of this the 
number of its generators, now known as 


mentary geometry. 


very ancient, 
group, such as 
the totient or the Euler 9-function of its 
rder, do not have been ex- 
plicitly noted before the eighteenth cen- 


vul y 


[he coneept of non-cyclic group is 
more difficult to trace far into the past 
literature, and comparatively little 
progress has been made along this line. 
The simplest example of such a group is 
the four-group, which appears explicitly 
as a permutation group in the works of 
J. L. Lagrange, but is probably much 
older. It contains a set of three gener- 
ating elements, each of order 2, which 
includes the product of every distinct 
pair of them, and hence it also illus- 
trates the danger of misunderstanding 
resulting from the statement that a set 


seem to 


of permutations constitutes 
it involves product very ] 
ther f JOs kK La 
to the fact 1 i rtain s 
le ri al entl S 3 1 < 
define this group, w s also k1 ~ 
the axlal ¢ ip i rl 
rT up 

Arithmetic and geomet! series 
among I most l Col p I 
mathematics, as y appear alr 
the a n Egyptian mathen 
papyrus written by Ahmes t has r 
cently been 1 l al 
progression extended infinit n | 
directions constitutes a group when and 
only when it involves the sum < i 
least one pair of its terms. Sin 
a geometric progression thus extended 
constitutes a gr ip u and only if 
volves the product of at least one pair 
of its terms. The very elementary cha 
acter of these facts would seem to Jus 
tify the effort to find earlier explicit 


statements thereof, but in the history 


science as well as in the development of 
Science it is observation and experimen 
that give a definite yes or a defini 


While 


is a comparatively young subject its his 


to our hypotheses. group theory 
tory presents many unsettled questions 
and points to the almost 


insurmountable 
difficulties involved in securing a satis 
factory general history of the entire 
field of mathematics. The efforts al 
this line however, laudable 


they tend to exhibit inspiring advances 


ne 
are, since 
which appear to be of permanent value 


2Cf. Jo phy, Ps 
Scientific Methods, Vol. 10, p 


chology, and 


irnal of Philoso 
, 619, 1913 
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By Professor WALTER B. CANNON 
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Tue history of our race 


structively considered in 


gradually expanding freedom. Slowly 


and painfully, in the course of many 
centuries of struggle, we have east off 


the 
degree we 


oreat 
the 
Within reason- 


chains of slavery, and to a 


have overwhelmed 


tyranny of government. 
able limits we have achieved liberty of 
speech and of printing. But these were 
achievements in civil or political libera- 
tion. By applying knowledge of physi- 
cal and chemical sciences we have fur- 
ther freed exacting 
restrictions. Thus the limitations which 
seasonal changes impose we have escaped 


ourselves from 


by devices for heating and refrigeration ; 
we have pushed far away the confines 
of space and time by rapid transporta- 
tion of goods and people on land and in 
the air, and by the flashing of informa- 
tion in seconds from the remotest corners 
of the earth; by means of artificial 
illumination we have abolished the ter- 
rors of darkness; and through the meth- 
ods of orderly research we have learned 
the nature of mysterious events in the 
heavens and on the earth that from 
earliest times have held the minds of 
men in fear of dire disasters. 

As members of the medical profession 
we are justified in regarding with pride 
the réle which our profession has played 
in the process of setting humanity free. 
In performing this service to humanity 
I would emphasize the point that medical 
ods of inquiry that have been used by 
investigators have used the same meth- 
investigators in physics and chemistry. 
They have studied biological phenomena 

1 An address read at the annual meeting of 


the New York Academy of Medicine on No- 
vember 3, 1932. 
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as they occur in nature, the 
them, 


inferences by ¢ 


inferences concerning 
tested 


and thus by patient, ingenio 


these 


1 


eal study they have learned 


sequence of events, “‘the r 


And just as this 


came.’ 
method has 
world, giving us means of el 


transformed 


ing and cooling, the autom 

airplane, the telephone, wir 

munication and animated sp ut 
ords, so likewise the method has 


to transform the 
conquest of 
for a 


social world 
Let us 
the thra 


pestilences 


disease. 
few moments 
plagues and under 
our ancestors suffered, and we s 
better able to estimate the mom 
services of medicine in establis 
relative security of our present 
tion. 

Again and again, after devastating at 
Asia and Africa, the bubonic 
swept into Europe. Many vivid ¢ where! 
scriptions of the havoe it wrought - 
come down to us. One epidemic 
fourteenth century is said to have caused -, 
the death of over 60 millions of huma rom 
beings. In that epidemic Genoa los dear 
40,000, Naples 60,000, Siena 80,000 and ip | 
Sicily and Apulia more than 5! 
inhabitants. The city of Trapani was to-m 
completely depopulated—all died 
her silent walls and empty dwellings 
were alone left to tell the tale. 1 It 
dead were dumped pell-mell into 
pits, hastily dug for the purpose, 
putrefying bodies lay neglected ever) the 
where in the and the streets prot 
During later centuries scattered ou! atta 
breaks of the plague in various Ew 
pean countries were accompanied 2 of 


houses 
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Pepys in his diary tells 


won 
Seenes 


. saw at the ‘‘great pit of the 
rd at Aldgate’’ as one 


r another brought its load, ‘ 


dead- 
*SLx- 


+ 


- seventeen bodies, some wrapt in 


sheets. some in rugs, some littl 
an naked, or so loose that what 
» they had fell from them in the 
out of the cart’’ ‘huddled t 


nto the common grave rich and 
gether.’? ‘‘Now people fall as 


as the leaves in autumn when 


~ 
“ 


shaken by a mighty wind,’’ reported 
‘Now 


solitude in London 


is Vincent, an eye witness 
is dismal 


Now 


shops are shut in, 


rare and very few that walk 
it, and a deep silence in every place. 


if any voice be heard it is the 
ns of dying persons breathing forth 

ir last... . Never did s 
hands and wives die together; never did 
parents their children 
with them to the grave, and go together 


many hus- 


so many carry 
into the same house under earth who had 
lived together in the same house upon it. 
Now the nights are too short to bury 

dead; the whole day, though at so 
great a length (it was August), is hardly 
light the that fall 
thereon into their graves.’’ The mys- 
terious and appalling disaster wrought 


sufficient to dead 


wide-spread demoralization among the 
terror, fled 
their 


people: some, overcome by 
from their friends, their 
dearest relatives; others gave themselves 
the 


homes, 


*” eat, 
drink and be merry,’’ they said, ‘‘for 
to-morrow we die.’’ Such the 
plague during hundreds of years of 
European history. 

It should not be forgotten that the 
plague has not disappeared. An epi- 
demic starting in China spread over 
the world in 1894, and without modern 
protective agencies would probably have 
attained medieval proportions. In India 
alone, during the year 1905, the number 
of recorded deaths from 


wildest debauchery 


up to 


was 


plague was 


more than 1,040,000 | S 

our wnt l Ss 4 1 
Se! us ¢ ndi Ss I uu y ‘ 
if stern meas 5 

p! t; to ir |} ] ’ i ~ ’ T 
ful s t S ; 11 

t hatul Ss I 

proved tl S S 1s spl l 
mong rats S i i 

ferred by . ‘ ' 

I DAK 5 i I » , 
protect men If! r : 
bites the rod rl S f : 
must be aesti | \ i 
of the disease as d str 1 | l 


these rules, rats are trapped and 
rookeries and \ n-breeding S 
are torn dow! i Victims all a 
fected are is so that t 8 
not be the caust irther 1 tion 
Wherever it has been possible to apply 


the 


rules, seriously thre: 


icS OL the plague have Deen stopped 


di m 
so that mankind is now largely treed 


Deat 


mention in 


from the terror of the Black 
May I be permitted to 
detail anot r ext 


freedom 


some 


nsion Of Duman 


fesslon 


due to our pr 


growing freedom from the disease dip! 
theria. Death from this disease was 
formerly frightful both for the vi 


and for the 
membrane in the larynx comm 
caused strangulation. 
lan name for diphtheria 
tillo,’’ 
seau’s classic description of the way in 


to kill dU per 


the strangler. Listen to Trous 


which diphtheria used 


cent. of those attacked: 


The difficulty f respiration in 


Every h ir or every two or tnree 


severity. 


hours, a suffocative fit « 

tive attacks follow one another more rapidly 
and become more and more violent. F: 
time to time the infant, in a state of excite 
ment which it is impossible to describe, sud 
denly sits up, seizes the bed curtains and tears 
them with convulsive frenzy he throws h 
self on the ne > his 1 her or those 
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t him, embracing them and trying to 
clutch whatever he can as something to hold 
t gainst himself that 


orts, gras} 


ing vio- 


lently the front of his neck, as if to tear out 


from it that which is suffocating him. The 
puffy, purple face and the haggard, sparkling 
eyes express the most painful anxiety and the 


I 


most profound terror; the exhausted child then 


falls into a sort of stupor, during which respi- 


ration is difficult and hissing. The face and 
lips are pale, and the eyes sunken. At last, 


after a supreme effort to breathe, the agonies 


of death begin and the struggle ends. 


Such pathetic and distressing scenes 
we have not witnessed for nearly four 
decades. By carefully conducted experi- 
ments on guinea pigs, rabbits, goats 
and horses, the rules of the disease were 
learned, t.e., that it is caused by a bacte- 
rial toxin, that the body produces a de- 
fensive antitoxin, and that by use of an 
antitoxin developed artificially in the 
blood of the horse the natural defences of 
the patient can be promptly and over- 
whelmingly reinforced. By employing 
this tested knowledge—by obeying the 
natural rules which critical experience 
has disecovered—the death rate was re- 
duced in 19 of the largest cities of the 
world from about 80 per 100,000, in 1894, 
to 17, in 1907, a short period of 13 years. 
When antitoxin is used as soon as the 
disease can be diagnosed the mortality 
is almost nil. And now, best of all, by 
active immunization whole populations 
ean be effectively protected from attacks. 

I have not the time, and it is not nec- 
essary before this audience, to detail 
other triumphs of the application of sci- 
entific methods to medical problems. It 
will serve my present purpose, however, 
to refer to a few of them in a cursory 
survey. 

By application of the experimental 
method the rules of surgical sepsis were 
learned and the rules for avoiding sepsis 
were discovered and developed. Thus 
was made possible the beneficent services 
of modern surgery—in the removal of 
tumors, the abolition of neuralgie and 


other pains, the repair of in. 
the exclusion of dangerous 

By learning through experi: 
rules of the diseases medical 
tors have shown how yellow 
typhoid fever, which f 
vast populations, can be cont: 
rendered insignificant. 

By learning the rules of t! 
the experimenters have been 
duce the death rate of hydrop! 
about 14 per cent. of persons 
less than 1 per cent.; to redu 
the mortality and the damagi: 
quences of the epidemic form 
spinal meningitis; to reduce t 
rate from tuberculosis to al 
fourth what it was fifty years 

By a long series of experir 
quiries the rules of the disease 
have been largely learned, a: 
cord with these rules there has b 
covered within the past ten 
method of treatment which | 
hundreds of thousands of dial 
tients from the pangs of st 
prolonged the life and usef 
adult victims and given to diabet 
dren assurance of continued exist 

Through another series of 
mental researches, the mode of 
with anemia was suggested, and 
Sequence a certainly fatal hun 
order, pernicious anemia, has 
brought under control. 

Many more examples might be 
to show how medical and biologi 


} 


vestigators, using the same general | 
ods of inquiry as are used by cher 
and physical investigators, have 


closed the secrets of natural pr 


and thereby have made for humar 


not a new heaven, at least a new 
The lesson of these triumphs is 


If we learn nature’s rules, the reg 
and routine sequence of events, an: 
play the game of our relation to nat 


events in accordance with those 
we can move onward to larger, 








var] 
eed 
men 
eme 
nize 
for 

Wh 


Sive 
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And 


these events. 


lete eontrol of 
s we secure such control and use 
longer 


St @ 


we leave uncertainty, we no 
see as through 
e. and by such knowledge more and 


To medical in- 


a glass darkly but face 


are we made tree. 
stigators human society owes an 1n- 
ulable debt of gratitude for relief 


m distressing pain, from the terrors 


Lil 


Ve 


d abominations of disease and from 


rly death. 

If you grant all that I have said up to 
his point, and I have tried to rest my 
ase on well-authenticated facts, you can 
readily understand why it is that the 
training for the profession of medicine 
‘equires a longer time than the training 

any The 
ective physician, learning to under- 
stand the human body, is confronted 
vith the most complicated system of co- 
erating parts that is to be found any- 
where; he must learn the normal struc- 


other profession. pros- 


ture and workings of those parts singly 
ind in relation to one another, for he 
needs that knowledge in order to have a 
for the recognition of 
After he has met that reasonable re- 
quirement he must be educated in re- 
gard to all the more common diseases 
so that he can identify them, and he 
must become acquainted with the nu- 
and intricate rules of bodily 
and disorder which he must 
teach and enforce in order to 
maintain personal and social health; he 
must know the peculiar values of the 
varied forms of remedial agents and pro- 
cedures so that he may apply the treat- 
ment most helpful to each patient; in 
emergencies he must be able to recog- 
nize promptly the existing conditions, 
for failure to do so may result in death. 
When, after at least six years of inten- 
sive professional study and one or two 
years of intensive observation and care 
of patients in hospitals, he is at the end 
of his formal training, he is ready to be 
a reliable servant of society in the treat- 


basis disease. 


merous 
order 
later 


ment and prev: seas 4 
its members 

All these considerations ares , 
to this audience that I hav . i 
recite them to y Al s 
stern and rig s scip I irde 
by us as the pre s I 1 
expertness in medical practice, what 
shall we say of those who scorn the need 
for suc discipline, 1 ; ‘ 
ey if¢ Ti¢ . \\ l ps T l ' T l 
ence presel ts in overwhelming y : 
who rush in as experts in the cure of 
disease when they have not learned 
elements of the normal or the patholog 
ical processes with which they must 
deal ? [ submit that su | sons a 
properly designated as enemies of so 
clety. [ propose to consider w ] 
some of their characteristics and to dis 
cuss the social dangers of their atten pts 
to practice medicine. 

In the first place, we must rea 
that our profession has undergone a 
long process of evolution. Magicians 


and medicine-men constituted the earli 
est protessk nal class in 


ciety. For th 


primitive so 
uusands of years they 


made use of 
tions, 


many varieties of incanta 


charms, amulets, elixirs and di 


coctions, as well as prayers, music and 
the laying on of hands. Only gradually 
have rational medical knowledge and 
treatment risen out of this foggy morass 
of mysticism, and only during the past 
eighty years has the seal of experimental 
proof been placed on medical inferences 
During all this the 
race, at every stage, representatives of 
the earlier 
period of medical 
peared. At 
Vesalius and 


recent history of 


fantastic and 


superstitious 
practice have ap 
the time of Clowes, Paré, 
Linacre, in the sixteenth 
century, quackery was rampant, and was 
practiced, as a contemporary report has 
it, by ‘‘tinkers, tooth-drawers, peddlers, 
ostlers, carters, porters, horse-gelders 
and horse-leeches, idiots, apple-squiers, 


broom-men, bawds, witches, conjurers, 





154 THE SCIENTIFIC MONTHLY 


sooth-sayers and sow-gelders, rogues, 
rat-catchers, renegades and proctors of 
spittle houses. ’’ Two centuries later, 
when Monro, Boerhaave, the Hunters, 
Withering, Jenner and physicians of 
like character stood out as builders of 
the rising edifice of medicine, they were 
surrounded by successors of the primi- 
tive magicians—astrologers and _ holy 
healers, who practiced on the sick in the 
ancient manner, selling anodyne neck- 
laces to pregnant women, providing 
‘**celestial beds’’ for the cure of sterility 
at £50 per single occupation!), lauding 


the virtues of magnetic tractors, making 
fortunes from proprietary medicines 
(one of which was composed of ‘‘egg 
shells, carden-snails, swines’ cresses, 
soap, burdock seeds, hips and haws’’), 
and employing the ancient artifice, ‘‘lay- 
ing on of hands.”’ 

Again, two centuries later, at the pres- 
ent time, we find the same elements 
present among those who profess to care 
for the sick. On the one hand are they 
who represent the growing forces of 
medical knowledge which, as I have re- 
minded you, have mitigated or abolished 
great pandemic diseases and brought the 
blessings of surgical skill so that human 
society now lives in a new sense of se- 
curity. On the other hand are the 
modern representatives of sourcerers, 
mystics, vendors of panaceas and artists 
in the magic touch. Practitioners of 
Christian Science, chiropractors and 
naturopaths are to be found on all sides, 
using the historical methods of faith 
cure and manipulation. What is the 
basis on which they rest their methods? 

Christian Science denies the existence 
of disease. ‘‘ Disease is illusion,’’ wrote 
Mrs. Eddy. ‘‘Man is never sick, for 
Mind is not sick and matter cannot 
be.’’ . . . ‘*Disease is always induced 
by a false sense mentally entertained, 
not destroyed. Disease is an image of 
thought externalized.’’ Thus with the 
dash of a pen-stroke the achievements of 
the medical profession in saving and 


protecting mankind from de 
pestilences is lightly dismissed 
absurdity. 

‘*Chiropractic’’ is built on 
modification of the ideas whi 
nally supported osteopathy ; l 


cause osteopathy has _ broad: 
methods and requires more « 
standards than formerly, 

tic,’’ with its brief preparation 
requirements, is usurping its pla 
cording to chiropractic theory d 
due to partial displacement of \ 
which pinch spina! nerves pas 
tween them and which thereby 

with the flow of vital energy to t 
tissues. As B. J. Palmer, head 
original Palmer School of Chirop: 
testified in court, ‘‘Chiropra 
speaking, disease is simply a regi 
to the amount or excess of current 
an organ receives at the end of a ner 
For instance: ‘‘diarrhea shows too 1 
force going to the bowels, particu 


to the rectum. In constipation t 





isn’t enough force going. It is 
a register of force at the same | 
two different quantities, both | 
regulated by subluxation in the s} | 
..‘*Too much function or not e1 
function is the only classification 
can put on disease’’.. . ‘‘melanc! 
not enough function, in the maniac 
much’’... ‘‘in the case of the kidneys 
diabetes too much, Bright’s disease 
enough.’’ ‘‘Do you recognize reflex 
tion?’’ asked the lawyer. ‘‘ Absolut 
no,’’ was Palmer’s answer. ‘‘Do j 
recognize the sympathetic nervous sys 
tem?’’ ‘‘No, we recognize only a dir 
nervous system and the direct flow 
current.’’ By manipulation the chiro 
practor is supposed to correct the mal 
positions of the vertebrae—not instanta 
neously, but by steps—and as the bones 
are gradually restored to their norm 
places the disease which they hav 
“aused is modified and finally disap 
pears. Such are the ridiculous claims 
And there are about 16,000 chiroprac- 








. 
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e United States supporting 


t} 
rs il ill 


elaims—and incidentally them- 
ituropaths and their ilk, unlike 
\iropractors, employ many healing 
s, but rule out drugs and surgery. 


iii; 


¢ to the leader of the sect, only 
ituropath knows the right combi- 

n of these agents. They include 

herapy, treatment of disease by 
through colored lenses that affects 
viscera through the thalamus; sys- 
erapy, treatment by means of vibra- 
ns which ‘‘equalize the circulation in 
body’’; neuropathy, simultaneous 
intermittent manual pressure on one 
more parts of the body to relieve 
rves that are affected through muscu- 
ir lesions, faulty nutrition or traumatic 

‘conditions; and new jue ld science, re- 
moval of the cause of disease and the 
neutralization of toxic states by proper 
chemical combinations, as found in desic- 
cated vegetation, herbs and cell salts. 
One naturopathic ‘‘cure’’ is known as 
the Christos biological blood wash, which 
consists of spraying water on various 
areas of the skin for some eight hours— 
‘eally a prolonged shower bath! 

The catalogue of the First National 
University of Naturopathy has this to 
say regarding entrance requirements, 
‘Although a high school education is a 
great advantage in enabling the student 
to grasp the principles taught, this is not 
yet demanded.’’ On completion of the 


I 


course the student receives four di- 
plomas, doctor of chiropractic, doctor of 
naturopathy, doctor of physiotherapy 
and master of physical culture. At an- 
other college, conducted in night courses, 
an insurance clerk was reported to be 
‘professor of pathology,’’ and among 
the candidates for the D.N. degree were 
a carpenter, a watchmaker, an ex-win- 
dow washer, a telegraph messenger and 
ahod carrier. It is estimated that there 
are about 2,500 such healers in our cities. 

All the representatives of these cults 


set themselves up as practitioners 

art of healing and declare that they cur 
all kinds of illness. But what basis ! 
tuey I kn Wing cist Ss \ 

present? Christian Scientists a1 
required to know anything 

tures and workings of 1 I 1’ 
changes In pat 4 r the sv! 

and signs of disorde1 ideed, their d 


trine renders ali such I 


essary S l dang S R 
controllable i s,s 5 sl 
typhoid revel S ) I I { I 
exist. delusions—t 
‘Image f t ( rl a ~ 
safe for soc trus s 

persons who act In accord 

absurd ideas? Is it proper to! 


equanimity on ‘“‘healers’’ who e¢ 


dysentery or diphtheria in 


being ‘‘a false sense mentally ente 
tained,’’ and then proceed to treat 

condition by prayer? Such spurious 
‘*healers,’’ posing as experts, speaking 


with impressiveness but in fact a 
mally ignorant of the whole rar of 
knowledge which adequate treatment of 
the sick requires, are a menace » hu 
manity. 

Little more can be said for the chiro 
practors and the naturopaths 
all, they are advocates of low standards 
of preparatory education Instead, I 
claim, unusually high standards should 
be the prerequisite. The art of healing 
is the only professional activity which 
is practiced by ostensible experts in the 
absence of other experts, Unlike the 
doctor, the teacher engages in public 
activity and may be under surveillance 
of a superior; the engineer has his work 
tested by inspectors; the lawyer prac 
tices in open court confronted by an op 
posing lawyer and a judge. The doctor, 
on the contrary, closes the door as he 
enters a home and thereafter what he 


+ 


does receives no higher criticism than 
that permitted by the judgment of a 


layman. The organized medical profes 
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sion, realizing these facts, has done all 
that it could to make certain, when a 
novice begins the practice of medicine, 
that he shall know from laboratory study 
the practical aspects of anatomy and 
physiology, pathology, bacteriology and 
other medical sciences, that he shall be 
able because of numerous contacts with 
patients in dispensaries and hospitals to 
recognize all common varieties of disease 
or make the proper analyses for their 
determination, and then that he shall be 
ready in the treatment which the shared 
experience of trained physicians has 
proved to be most effective. To that 
end, as I have already noted, the pros- 
pective doctor spends about eight years 
in professional study and hospital ex- 
perience. Such training is requisite be- 
fore he is prepared to undertake the 
intimate, the delicate and often the 
onerous responsibilities of practice. It 
is the longest and most expensive of all 
professional preparations. 

Compare this preparation with that 
required for chiropractors, naturopaths, 
sanipractors and their kind. Courses in 
the basal sciences are eliminated. A 
high-school preparation is sufficient in 
the best schools, and mature age, busi- 
ness experience or any convenient 
achievement is a satisfactory equivalent. 
The students are allowed to go forth 
from these ‘‘colleges’’ or ‘‘national uni- 
versities’’ with a minimal attendance— 
the common requirement is eighteen 
months, but one so-called ‘‘university’’ 
is a correspondence school and grants a 
diploma for $127.50 after a course de- 
pending for its length on ‘‘individual 
ability.’” The schools are admittedly 
established on a business and not on a 
professional basis. The students are in- 
structed not only in manipulative meth- 
ods but in salesmanship. ‘‘We teach 
them the idea,’’ the founder of chiro- 
practic boasts, ‘‘and then we show them 
how to sell it!’’ Laboratory training in 
physiology, physiological chemistry, bac- 





teriology, histology and pati 
practically all schools, wholly 
The subjects are either omitted or ¢ 
by didactie lectures or illustr 
quite inadequate apparatus. T 

ers are in no sense competent; ¢ 
they possess only the D.C. or Ph.C 
losopher of chiropractic!) deg: 
they are not paid salaries whic! 
them to satisfy scholarly inter 
they ever had any. They are n 
bers of professional scientific s 
The clinics are not adequate 

ing in the diagnosis of even 
ordinary diseases. Indeed, as 1 
logue of the leading chiropract 
once announced, ‘‘The chiropra 

not take the temperature, he ne\ 
the chest or stethoscopically listens 
auscultation . . . he never looks 
tongue ...in fact he makes no d 

or examination.’’ All patients a1 
sidered from the sectarian point 
(according to chiropractic, dipht! 
due to subluxation of the sixt} 
vertebra, scarlet fever the twelft 
sal!) and the treatment is limit 
the peculiar forms of manipu 
Naturally enough, representatiy 
these cults are frankly out of sy1 
with the organized medical and 
health interests established in th: 
tion, the states and the large cities 
are openly antagonistic to many o! 
most universally recognized facts 
procedures of civilized society—su 
the bacterial cause of infections, th 
of diphtheria antitoxin and antity; 
vaccination and the necessity of q 
antine. No reliance is placed upon 1 
by any agency responsible for the 
tection of the people against epid 


tT 


diseases, or against the dangers of 


poisoning and bad sanitation. No signs 


of disinterested public service on 


part are evident. No discoveries w! 


have brought any benefit to huma 
ean be credited to them. 
When we consider that the cults 


nit 
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1 on a theory of the nature of dis- 

-h is quite without any support- 

vidence that has ever commended 

eritical judgment and which is 

at variance with the well-proved 
Ares 


’ 
inical obser- 


ts of experimental and ec 


vi when we consider that the prac- 
rs of these cults have no adequate 

S training, no trust in the meth- 
s which have freed mankind from vast 

d disastrous pestilences, no thorough 
disciplin in the diagnosis of disease, 


as a rule no versatility in their at- 
on disease but « nly th singie 

1 of projected thought or sugges- 
r vigorous handling of the body; 
we know from court records that 
ave, for example, treated by such 
ns diphtheria, peritonitis and bron- 
pneumonia; and when we realize that 

ances favor the practice of their meth- 
as on the most easily deceived and most 

‘edulous members of society, 1 believe 

we are justified in regarding them 
as sources of danger, as actual enemies 
society. 

The question may properly be asked 
why these cults exist, why there are in 
ur country nearly one fourth as many 
sectarian “‘healers’’ as there are prac- 
ticing physicians. One reason, no doubt, 
is the present high standard of training 
or the practice of medicine. The cults 
afford a means of evading it. That 
standard was raised, however, because 
the organized medical profssion, about 
thirty years ago, realized that there 
were many poor schools which were 
sending forth ill-prepared doctors and it 
set to work to close such schools and to 
put a premium on excellence. In con- 
sequence, the number of medical schools 
was reduced about half, and the remain- 
ing institutions were greatly improved 
in their methods of training physicians. 
Also the profession has supported the 
nove to raise the state requirements for 
medical practice. We have still with us, 
however, the products of the earlier 
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CULTS 1 ny “I \\ 
piysician, 1s At 
need tor stu ng 
case betor xp! r pl 
] M il \ pa > I r} r 
tion as ig ! nd 1] 
QUICK de Ss I nS K 

heale1 Wi $ prompt and 
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nce, 18S Thus @Zivel redit W 
held fron d r—qu p 
the disaster patient 
other reason 1S ind in 1 0 
may I suggest vergrowl 
ism in medicin Wi its 
transier Of patients [rom « 
and the consequent hig! s 
over, there are members < 
profession who have been rd 
preciating the ps) e elem 
ness. Furthermore, tl fact 
recognized that. with re spect 1 
especially, human beings often 
the potency magi The 
looked upon as a greater mag 
he careful, Scl1el iil dis Ipl 
tor. Finall: dividuals rep 
thes have beet ured vy the pr 
employed, a st-hoc-ergo-pr 
inference wl wholly overlo 
self eorrective dev S { the be 
which has been used to just 
absurd therapeutic agency « 
ceived, from the beating « a 
outside a tepee to the prescr 
western fresh-air pills. Not on 
reasons is cogent r the tol 
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our civilization of groups of medical tosmallpox in his kingdom. T 
pretenders—ignorant, untrained, often physician, De la Condamine, 
unprinecipled, and always dangerous in 1754 that ‘‘one fourth of 1 
both for what they do and what they was either killed by it or er 
do not do for those who resort to them. disfigured for life.’’ So thor 
In the main the organized cults are fectious is the disease that it \\ 
found only in Canada and the United ported by contemporaneous 
States; the rest of the civilized world the eighteenth century that as 
manages well without them. An en-_ 80 to 90 per cent. of the populat 
lightened society would see to it that its marked as survivors of attacks 
innocent members who require skilled pox. 
attention because they are ill receive It is not generally known tl 
intelligent professional service and are mer times smallpox was essent Swe 
not exploited by charlatans. disease of children, so much so 

Another group of enemies of society was called ‘‘child pox.’’ Then t 
are the antivaccinationists. They object population consisted largely of su 
to conforming to the rules which have of smallpox in childhood. In 1 ung 
been learned about smallpox and thereby town of Kilmarnock, for example, 1 sg 
they not only expose themselves to the were nine epidemics of smallp tice 
dangers of that disease but also they try 31 years from 1728 to 1764. 1 rs 
to establish conditions which would ex- deaths from this disease were 622 er 
pose to its attacks innocent children, not of these, 586 were deaths of 
old enough to exercise independent judg- under six years of age; only 7 w Mas 
ment. Like the Black Death, smallpox than ten years old. gen 
has been at times one of the great It is not generally known tl 1 Ti 
plagues. Highly variable, it smoulders pox not only kills or disfigu 
in mild attacks for a time, and then, if maims, but also destroys visio! Igo 
conditions in the population are favor- early records of the London Asy! lt ‘ 
able, it may suddenly break out in a_ the Indigent Blind showed t Dak 
violent epidemic. In 1802 Admiral thirds of the inmates had lost th: sory 
Berkeley reported in the House of Com- through smallpox. And accor pop 
mons, ‘‘In this United Kingdom alone Sir William Aitkin, 90 per cent t Mas 
45,000 persons die annually of the small- cases of blindness encountered or 
pox; but throughout the world what bazaars of India are due to that ed 
is it? Not a second is struck by the Now what are the laws of that Pur 
hand of time but a victim is sacrificed ease? Observation suggested t! port 
upon the altar of that most horrible of sons who had had an attack of ips 
all disorders, the smallpox.’’ Asthehis- did not contract smallpox. - 
torian, Macaulay, has recorded, ‘‘Small- tested experimentally that id rol 
pox was always present, filling the found evidence that it was 
churchyard with corpses, tormenting Then began vaccination with cow _ 
with constant fear all whom it had not a large scale. Human experience 176 
stricken, leaving on those whose lives it parts of the world has shown that a 
spared the hideous traces of its powers, cessful ‘‘take’’ protects against - 
turning the babe into a changeling at pox for a period varying on the an 
which the mother shuddered.’’ Fred- from 7 to 10 years, that when tl ~~ 
erick William III, of Prussia, in a dis- munity is exhausted a second ‘“‘t 7 
patch dated October 31, 1803, stated renews it, that persons twice su 2 - 
that 40,000 people succumbed annually fully vaccinated are usually immu! = 
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and that even when not fully im- 
a vaccinated person who has an 
; of smallpox suffers much less se- 
y than a person who has not been 
ated. 
When the rules of this disease and 
tion against it are respected the 


re striking. Careful statistics 


eathered in European countries clearly 
ve that those with most stringent 
‘ination laws suffer the least from 
smallpox, namely, Germany, Denmark, 
Sweden and Norway. In _ well-vacci- 
1 Germany the mortality has been 

r years in the neighborhood of 1 per- 
son per 1,000,000 of the population. In 
England and Wales, where vaccination 
s generally but not universally prac- 
ed, the mortality has been about 20 
ersons per million per year. The ex- 
perience of foreign countries has been 
luplicated in the United States. In 
Massachusetts, where there is a hetero- 
geneous population of about 3,850,000, 
1 fairly strict compulsory vaccination 
iw prevails. In the ten years, 1919 to 
1928, 408 cases of smallpox occurred. 
In the four states, Arizona, Utah, North 
Dakota and Minnesota, where compul- 
sory vaccination is prohibited, the total 
population is almost the same as that of 
Massachusetts. During the same decade 
these states had 46,130 cases of smallpox, 
113 times as many as Massachusetts! In 
Puerto Rico, where smallpox was an im- 
portant disease before the American oc- 
‘upation, only 137 cases appeared in the 
leven years, 1913 to 1923. In the un- 
protected state of Washington, with 
ibout the same population, there were, 
luring the same period, 24,183 eases, 
176 times as many as in Puerto Rico. If 
in the states decorated by the antivac- 
‘inationists with gold stars, fear does 
not drive many of the citizens to the 
protection afforded by vaccination, a 
serious outbreak of smallpox may be 
reasonably anticipated such as oceurred 
in Montreal in 1885-86, when the pesti- 





tected children in 


cination laws are demonstral 
ing the lives of 
properly brand: 


should prevail, 


rect, because 
the establishment of 


lower animals 


glish Royal C 
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mental method began to be used effec- 
tively for physiological discovery—be- 
fore the sciences of bacteriology, im- 
munology, biochemistry, experimental 
pathology and pharmacology had begun 
to emerge as special disciplines—the 
emphasis of the antivivisectionists was 
on the futility of animal experimenta- 
tion. The defenders of scientific meth- 
ods in biology had a difficult task to 
make clear the importance of keeping 
open for the uses of medical investi- 
gators the well-tried ways of experi- 
mental discovery, as proved by the ad- 
vances in physies and chemistry. How 
different were the hearings thirty years 
later! At that time by means of animal 
experimentation the causes of tubercu- 
losis, bubonic plague, diphtheria, sur- 
gical sepsis, child-bed fever and other 





diseases had been discovered; by use of 
animals the method of detecting socially 
dangerous diseases such as typhoid fever 
and cholera had been learned; and by 
similar experimental procedures effec- 
tive natural methods of preventing dis- 
eases or curing them (as with diphtheria 
antitoxin, for example) had been de- 
vised. The claim of futility had to be 
modified. Still more must it be modi- 
fied to-day, because we can now add to 
the earlier achievements the control of 
syphilis, the relief of general paralysis, 
the swift betterment of scarlet fever 
patients, the check on diabetes and the 
rescue of victims of pernicious anemia 
—we can add these victories over dis- 
ease and death that have recently been 
won by medical discoveries made di- 
rectly or indirectly by use of lower ani- 
mals. 

One might suppose that all this evi- 
dence would force the antivivisectionists 
to admit the utility of animal experi- 
mentation. To do so, however, would 
mean a great weakening of their posi- 
tion, for their main argument from the 
start has been that the process is futile 
and cruel, and that such futile cruelty 


should be stopped. The evide 
ever, has caused them to chang 
emphasis. They now say that, 
animal experimentation has va 
values are purchased at too 
price. The animals used ir 
mental laboratories, they dec 
subjected to fiendishly cruel tf 
tortures too awful to be pern 
continue, no matter what ben 
come therefrom to mankind. | 
present view, the question 1s 


The animals have rights whic! 
respect. Not to do so, in 
laboratory use is concerned, 


affront to the finest feelings in t 
of man and is the cause of ca 
and brutality in the experimen 
lead him gradually into worse a1 
extreme and more degrading 

Therefore, away w 
whole hideous process. Abolish it 
up the medical laboratories. Stoy 
ing disease experimentally, stop 


violence. 


to find remedies by animal tests 
way is closed. 

Who are these antivivisectionist: 
I ask, that any one should respe 
opinion as to what shall and w! 
not be done to save human life? Ju 
from the appearance at legislativ: 
ings and the quoted opinions i 
literature, they comprise many 
a few clergymen, some lawyers, w! 
actors and business men, who, | 
sincere and well-intentioned, are gr 
misinformed. They cite for supp 
their attitude the opinions of s 
‘‘doctors,’?’ who on investigation 
found to have died so long ago tl 


had no knowledge of the beneficent 


fects of modern experimentation, or 
are devotees of fantastic medical 

or who made their reputations in 

ture, art or theology and not in th: 
vice of healing. As the second E1 
Royal Commission reported, their ‘ 
rowing descriptions and illustration 
operations inflicted on animals, w 
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cireulated by post, 


) 
advertise- 


r otherwise, are in many Cases 

ited to mislead the publie.’”’ 

\ er the quick nor the dead among 
antivivisectionists testliy on the 
sis of actual experience. They have 
entered the laboratories in which 


declare that animals are wantonly 
rtured. they have not seen the opera- 
had 
which 


ns they criticize, they hi not 
background of 


d allow them to judge properly the 


ive 


experience 


.ctions of anesthetized animals, they 

:ve not had the training which would 

rmit them to interpret 
technical articles which 


intelligently 

t] ey read, 

1 in place of personal acquaintance 

the facts they have let their senti- 

ents and their imaginations have full 
sway. 

For more than forty years in this 

uuntry members of the medical profes- 
sion have been fighting to maintain free- 

m of research. From the first they 
ive claimed that nothing has been ad- 
luced to warrant the passage of special, 
lass legislation directed particularly 
medical investigators, but that 
the ordinary anticruelty laws are as ap- 
plicable in the laboratory as in any 
All that need be done, if 
cruelty is suspected, is to make a charge 
and demand an inspection. Never, to 
my knowledge, in all these forty years 
has any antivivisectionist made use of 
the existing law in this manner. 

About twenty-five years ago the Amer- 
ican Medical Association established a 
Committee for the Protection of Medical 
Research. Immediately 
quiry into the conditions under which 


against 


ther place. 


it began an in- 
animal experimentation was being con- 
ducted. It found that for years in the 
lder laboratories rules had been formu- 
lated and prominently posted, declaring 
the precautions and expressing the hu- 
mane spirit which should govern the 
experimental procedures. These rules 
the and 


committee summarized revised 





applicabl | 
1910. thes \ lies ha { 
adopted 1 Dp i 

} | 
( mead ~ ~ i | ~ i ee 
| ey hay Ss I ! LO} a I 
tutes tor n | I a i 1 ma 
laboratories ! 
tions, invest tors | iclyv f 
the safeguards which had been tak 
and which would ntir be take 
to avoid the infliction of pain and tl 
they have made clear to all wl enter 
the laboratories that work done there 
shall exhibit that intelligent mpas 
characte ( mer | servi | 
would emphas t] nD t that this 
mode of self rovernment ot investigators 
who use lower animals for biological re 
search and for solving problems of dis 
ease has been enforced in some of our 
most prominent medical schools during 


the past half century. 

So certain was the committee that the 
eonduct of animal experimentation in 
the United States is in the hichest 
humane that in 1921 it secured the adop 

the ‘‘open door policy.’ 
cord with that p y] 
throughout the United 
their 


representatives ( f hu 


tion of 
icy laboratory officials 
States declared 
willingness to admit at all times 
might wish to know 
der which animals are used for researe 
The 


such visitors must previously have seen 


only condition laid down was th: 


a human being in order 


an operation on 
to be able to appreciate the humaneness 
of the laboratory methods. This pol 


was given a large publicity 1922 


the Blue Cross Society, 
for 


circulated excerpts from the letters of 


the humane ecare of animals. widely 


deans and directors of departments 
testifying to the enforcement of the rules 
for the regulation of animal experi 
mentation and to the maintenar of the 


open door p liey. 
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Such are the conditions under which 
animal experimentation is now carried 
on in the United States. The medical 
testify that they know 
nothing of the tortures, the horrible 
eruelties, the secret atrocities which, in 
the 
are inflicted on helpless animals in labo- 
ratories. The declare, in 
fact, that the vast majority of opera- 
tions on animals are practically painless. 
And in being branded as 
‘*fiends,’’ ‘‘human mon- 
the investigators are, I believe, 
word can be trusted. 
They are trained scholars; as men of 


investigators 


imagination of antivivisectionists, 


investigators 


spite of 
‘**demons,’’ 
sters,’’ 
persons whose 
science their service to their fellow men 
consists in the search for and the estab- 
lishment of new facts; their eyes and 
ears are exercised in exact observation; 
and they are constantly disciplined to 
draw only justifiable inferences from 
what they observe. It would seem, 
therefore, that they are fairly well quali- 
fied to report the events going on about 
them. When they report, they do so 
fully and precisely, in order that others, 
who may wish to follow their course and 
push further into the unknown, shall 
not be led astray. Desire to find some- 
thing new and important and verifiable 
and the wish to report exactly what is 
found are the ideals which govern the 
activities of scientific investigators. The 
pursuit of these ideals is excellent train- 
ing in telling the truth. 

We should recognize that these inves- 
tigators are the direct successors of the 


pioneers who, according to Osler, by the 
experimental study of physiology and 
pathology ‘‘did more in the half-cen- 
tury between 1850 and 1900, to emanci- 
pate medicine from the routine and 
thraldom of authority than all the work 
of all the physicians from the days of 


Hippocrates to Jenner’’ (about 2,200 
years!), and he added, ‘‘we are yet but 
on the threshold.’’ 

That in brief is the gist of the situa- 
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tion. In a few decades the app 
of the experimental method in 
research has wrought marvel 

vances in our ability to conserve | 
life. I 


brought under control or abolis 


need not list again the dis 


release from appalling dread, th: 
the door of 
But there is 
We have not 
fathomed the myst 
infantile paralysis, nor have we | 


ing of 
resulted. 
be done. 


hope, that 

much m 

yet mast 
measles, nor 
the secret of the world-wide plagu 
visitations of influenza, we know 

of the cause of fatal 
kidneys and the liver, we stand al 
helpless before mental diseases, vi 

of which fill more than half of our | 
pital beds; and without surgery we 
unable to deal with the awful se 

of cancer which kills about 1 man 

and 1 woman in 5 if they have pa 
their fortieth year. 

Knowing, as we do, that the met 
of animal experimentation alone 
largely delivered us from the bo 
of disease, and certain, as we are 
that method gives us the fairest pro: 
of further deliverance, what 
do? Shall we cease our efforts, as 
antivivisectionists demand? 
let men, women and children, w 
suffering extends to every one bound 
them by love and sympathy, cont 
their suffering because its cause 
mystery, which we must not solve? 
the presence of human woe is it immora 
to use lower animals to mitigate t! 
woe? We do not hesitate to interfere 
with the liberties and life of 
for other human benefits. 


maladies 


Sllalil 
numal 


‘“No oO 

Shall 

Dr. Dewe 

as to wh 
To 


, 
il SeOS< 


probably 
distress 
e grea’ 
: L0e not 
animals — 
mentalis 
“It is 
We force the harnessed horse to work, a! ¢ me! 
in time of crisis, we drive him with lash and 
spur. We rob the mother cow of her calf, and promoti 
then appropriate her milk. We permit the de the dat: 
. . P Lue . 
horning of cattle and their branding with hot 
irons. We do not object to the most shocking these 2 
barn-yard operations, performed (without 
sniff of an anesthetic) merely to make more 


experim 


their w 
eral pu 
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> eat. 
myriads of 

» slaughter for 
for food every 
re than 50,000,000 be 
id also 
and geese. In 


in the United States 


250,000,000 ¢ hicken 
nineteen of 
more 


and cats are destroyed annu: 
ar the streets. Vermin and 

ibjee ath in uncertain 
axistence with dist 
and destruct 
do the 


for attack the 


ressing p 
ion of animal 


antivivi 


animais empioye 
s with the object of 


ring in the world? 


it Professor John Dewey has 

rly seen, the question at issue is not 
merely a balancing of physical pain of 
against 


man beings and of animals 


other. Instead, ‘‘it is the question 
a certain amount of physical suffer- 
¢ to animals—reduced in extent to a 
minimum by the precautions of anes- 
esia, asepsis, and skill—against the 
nds and relations which hold people 
gether in society, against the condi- 
ns of social vigor and vitality, against 
» deepest of shocks and interferences 
» human love and service.’’ 
‘“‘No one who has faced this issue,”’ 


Dr. Dewey continues, ‘‘can be in doubt 
as to where the moral right and wrong 

To prefer the claims of the phys- 
ical sensations of animals to the preven- 
tion of death and the cure of disease— 
pr bably the greatest sources of poverty, 
distress and inefficiency, and certainly 
the greatest sources of moral suffering— 
does not rise even to the level of senti- 
mentalism.’’ 

“It is accordingly the duty of scien- 
tifie men,’’ he declares, ‘‘to use animal 
experimentation as an instrument in the 
promotion of social well-being; and it is 
the duty of the general public to protect 
these men from attacks that hamper 
their work. It is the duty of the gen- 
eral public to sustain them in their en- 


deavors. 
men, tho 
failin 
and ambassad 
There is a stat 
graph, which I have 
wish to emphasize 
the general public 
investigators from 
heir work, and to su 
endeavors. Thi 
lor decades the 
their fellows in 
have had to apps 
fore legislative committ 
the privilege of cont 
human 


their services TO 


though many scie} 
strongly fi: 


nassed 


only the organized 


in the state and the 
active support. It is high time 
clety as a whole to recognize that 1 
in the antivivisectionists dangerous 


resolute enemies and to take 


Sts ps 
thwart their efforts. 


In conclusion, may I point out that 
the medical profession has not only 
helped to protect society from 


endangered by the 


being 
pernicious activities 
of the antivivisectionists, but also from 
being misled and deceived by 


**healers.’ 


ignorant 
In the main the profession 
has urged that all who wish to practice 
the art of healing should submit to the 
single standard of passing an examina- 


and 


the human 


tion on the structure and functions 


the possible disorders of 


body, before being allowed to practice 
; | 

; 

| 


Because it has supported that fair and 
uniform requirement, 


vent quacks and charlatans from ex- 


which would pre- 


ploiting the uninformed and incautious 
the medical 
charged with being a ruthless 


sick, profession has been 
**trust,’’ 
seeking solely its own advantage, and 
That 
charge of corporate selfishness might be 


eager to exclude all competitors. 
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entertained if there were any evidence 
to sustain it. The historical record, 


against it. The 
profession has from the beginning sup- 


however, is medical 
ported measures for public health; it 
has supplied the health officers who pro- 
tect our cities and coasts; it has agitate? 
for clean water which has abolished v. 
devastating water-borne typhoid epidem- 
ics; it has worked for conditions which 
} 


have greatly lessened the incidence of 


tuberculosis, yellow fever, malaria and 


hookworm disease; in its own group it 
has insisted on high standards of educa- 
in short, 
the 
profession has sought to abolish, not to 
increase, striven 
nestly, not for its own advantage in the 
mean sense of the word, but for the ad- 
vantage of the social organism of which 
Whenever any other pro- 
lawyers or engineers, 


tion and professional service- 


as these illustrations demonstrate, 


disease ; it has ear- 


it is a part. 
fessional groups 
for example—can show a record that 
even remotely approaches that of our 
own for disinterested public service, we 
may begin to think that we have not 
kept up our traditional reputation. For 


the present we lead. But we usually 
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isolated and d 


lead as an 
in the community—as a medi 


SC. 


PRI 


Since our purposes and t 
are really one, we should 
a greater degree with 
social-minded members 

Thus the medi 


Serve, 


zations. 
would 
of the body politic but as 
cooperating 


not as a se] 
parts, helping 
carrying the whole responsib 
defence against social enen ni 
such an alliance the threatened 


perils from organized minorities — 


effectively met. Concerted ~~ 

publie-spirited physicians w ma 
informed members of the com: ste M 
members of women’s clubs, cha: — 


commerce, parent-teachers’ 
—could change the defense to ; 


attack. And by aggressive , 
may hope for still further 
freedom from the dangers t . 
mon weal from spurious ‘‘doct tween Ii 
from persons who refuse to accept as as | 
sures to protect the public healt There ar 
from fanatical agitators who st! mere Giff 
check the beneficient advancen There 
medical knowledge. it tl 
re] 
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WAYS OF THE BEAVER PEOPLE 


By VERNON BAILEY 


1 S. BIOLOGICAL §S 


old Indian idea of considering Another pair of young that, b 


animals as just other kinds of knew them, were kept all summer for 
different from our kind but not’ exhibition to the public at county fairs 
», yery different, is evidently based on took a strong dislike to t human sp 
so association and real understanding cies and never became friendly) Wi) 


its and natures. Their given a comfortable and conv 


te Man, the Bear People and the house in the park, with a warm nest box 


iver People are significant terms. and a water hole into the pond, tl! 
often name their sons for some were happy until | came in through th 


ils of special bravery, prowess or back door. Then they slapped their 
gence, as no doubt our ancestors tails on the wet floor and refused to be 

id before the psychologists tried to comforted until I went away. That 

a wide and impassable gap be- night they 

tween man and other animals that we the door to keep me out. When this 
iss as lower down in the scale of life. was not successful, they went around 


There are great differences, but mainly behind the house and piled sticks and 


mere differences of degree. mud against the outside of the door 
There has been much romance written almost to the top and plastered up 


it the beaver, but nothing more in- cracks with mud as high as their skilful 


resting than the actual facts. They hands could reach, with the evident 
not human nor superhuman, as some tention of barring me from their hom 
uld have us believe, but they are very Later, when I had to catch them and 
intelligent animals in their own way, and_ saw off their upper incisors, which had 
rom youth to old age they lead interest- grown too long from lack of wood to cut 
ng and useful lifes, if given half a they were very angry and tried both to 
ince. escape and to bite me, although they 
The baby beavers, Paddy and Johnny, were not being hurt in the least by t 
at Mrs. Bailey and I raised from afew necessary dentistr; Another beaver in 
lays old in early June to big husky the house with t , caught in the wild 
ng beavers in the fall, were very like when full grown, was comparat 
ldren in the family. They had many gentle and friendly. 
the ills and accidents of children, The only other beaver I ever 
cried exactly like babies when hungry, that was cross with me was an i 
ved to be rocked to sleep after meals female that had previously been 
and to be wrapped in their woolen in a steel trap and lost one foot and 
blanket and taken into a warm bed when naturally had gained a very poor 
they were cold. In return they gave us ion of human people. She would actu 
t most friendly confidence and a slight ally chase me until I was glad to put ner 
degree of obedience. back in the lake where she came from. 
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To test the intelligence and skill of an 
Adirondack beaver, I once cut a notch in 
the top of a well-kept beaver dam that 
held the water in a clear deep pond sur- 
rounding a large beaver This 
was before sundown in the afternoon of 
The beavers had 


house. 


a bright autumn day. 
been cutting and storing wood for their 
winter’s supply of food to be eaten un- 
der the and they knew as well as I 
the importance of keeping the pond full 
of water. 

After seating myself comfortably on a 
high bank above the dam I waited while 
the water roared out through the break 
with a sound that easily carried through 
the still water to the beaver hole in the 
bottom of the house where the family 
lived. In about ten minutes a ripple 


1¢ce, 


appeared near the house, and then a 
V-shaped wake came directly toward the 
broken dam, its apex marked by a blunt 
nose, two bright eyes and a pair of low 


round ears. As the wake stopped close 
to the break the broad back, flat tail and 
webbed hind feet of a large old beaver 
floated at the surface for a full minute, 
while with it studied 
the surroundings for a possible enemy. 
It may have been Mrs. or Mr. Beaver. 
No one could ever tell in the water and 
few can tell on land, but 
him ‘‘Mister.’’ The coast seemed clear, 
for I was above and down the wind and 
knew how to keep still. 

Soon the old beaver came up into the 
break, sat in the rushing water, and eyed 
the broken banks on both sides. He was 
evidently puzzled for any logical cause 
of the trouble, but his thoughts were of 
Returning to the 


keen senses alert 


we will eall 


a practical nature. 
pond he disappeared just above the dam 
and soon came up with both arms full 
of mud and trash from the bottom, 
pushed it up on the dam and into the 
broken notch, for a minute and 
watched while the rushing water carried 
it all away, then started up the pond to 
a steep bank and cut off a stout bush. 


Sat 
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This he brought 

both hands and his teeth pus! 
end into the mud at 
break. Then he swam out 
dived to the bottom, broug 
about two feet long, 
big teeth back to the dam, 

one end down into the other s 
break. Then, without stoppi: 
than to see that it held firmly, 

to another spot in the pond and br 
up a long limby stick and laid 
ways against the two sticks, el: 
the rushing 
placed, but only made the angr 
roar the louder. The b 
brought up another big armt 
from the bottom and pushed wu 


me 
Ull 


swam Wilt 


stream. It Stay 


this cross stick and as rapid) 
sible brought load after load 
trash until the water stopped 
then stopped running over th: 
the job was done. 

I forgot to 
should guess at the time as twent 
utes for the whole repair j 
thorough, final 
after carefully inspecting it 
went back to the house and dis 
underneath by way of the wat 
into his comfortable nest room 
This was just an incident in 
work, but it showed thought, 
skill and understanding. All 
of human intelligence was the | 


look at my 


c 


and satisfac 


five dollars for plumbing repairs ‘ 
should have sent to me. 

A well-made beaver house 
barbed-wire entanglement 
and impenetrability of structure, | 
being cold-proof in 


} 


winter and 
proof in summer. 
kempt appearance externally, but 


it is a model of comfort and conve! 


With a clean bed only a little ab 
water door in the bottom and 


extra room for sticks that are br 
in for food, housekeeping is simpli! 


its lowest terms. The bathroom 


for str 


It may have a 
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12 and there is plenty of room in the 
or pond for social affairs. 

There are also bank burrows, which 
ften are safer than houses, because they 
ire entered below the water level, in high 
‘ke or stream banks where well hidden 
from all The 
re as safe and clean and comfortable as 
uld be 


jeep under water. 


nest chambers 


enemies. 
desired, and the entrances are 


Beavers are hearty eaters, and the 
problem of an ample winter food supply 
importance. Enough good 
be cut 
deep water to last the beaver family or 


from the 


1s of vital 


ereen wood must and stored in 


ony through the winter, or 
time the ice seals the ponds late in fall 
he time when it breaks up in spring. 


bark, 


+n + 
0 | 


l 


the 
buds are eaten, so it takes a lot of wood, 


Only fresh green twigs and 
ind many trees must be cut down, cut 
into sections that can be dragged to the 
water and floated to the storage place. 
Often long canals must be dug through 
the low ground so heavy sticks and small 
logs can be floated most of the way from 
the woods. 

This keeps the whole family working 
beavers all through the fall storage 
time right up to cold weather when the 
to 
The big old male may lead the way, but 
the mother 


— 
Lint 


ice comes stay. Everybody works. 
he is eagerly followed by 
beaver, who may be just as big, strong 
and wise, by several husky yearlings, 
and last of all by four or five young of 
While at first 


mainly in the way, the young soon prove 


the year, eager to help. 


very useful in carrying branches and 
small the food There 
seems to be no supervision, no subdivi- 


sticks to store. 
sion of labor, no idle boss, but everybody 
knows what to do and how to do it and 
enjoys hard work and long hours. 

At my camp on the edge of a beauti 
ful lake in northern Michigan the whole 
gang would swim by to their cutting 
ground before dark and come straggling 
back to their house just before sunrise 
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in the morning 


ave 


and be cause 


F : 
some or ti 


was left on 
branches of 
They 


making their 


were 


sleeping daytim: 
beyond my cam] 
to watch th Il 
Befo 


regular haystac 


re t 
branches of aspen, 
ing on the ti 

of water, 

above t] e 

all 


twig 


mS 


lt, 


would 

ried into the 
the 
bark peeled off 
he 


So they can chew 


but lar 


were, for iver 
well as out. 

I wasn’t there 
but last spring’s remains of 
over the bottoms of tl 
near beaver hous 
of the 


are generally 


winter 


but when the bar 
carried out. 

are not waste 
for building 
beaver dams wh 
there is abundan 
everywhere, in the 
good 


sorts of ore 


; nal 
when they want it ‘inter has be 


is full of lei 


ing stems, nice s 


restful playtime, 
and tempting odors and wanderlust. 


Mrs. Beaver must at home, 


stay 


en 
sure 


A 


( 


A 


a 
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she will soon have a new family of four 
or five or six dear furry little paddle- 
tailed babies to care for, and the old 
house must be fixed up safe and warm 
for them or else a clean fresh burrow 
and nest room made in a high bank 
where nobody can ever find them. She 
will be busy and couldn’t think of leav- 
ing home, but Mr. Beaver and all the 
last year’s children can go where they 
please and see as much of the under- 
water world as they like. They will not 
be needed until next fall when the food 
harvest begins again. 

If it wasn’t for their beautiful fur 
eoats and the heartless fur trappers, 
they would live happy and contented 


lives and have less to worry 
some of our people have. If 
pers would display more intellig 
use only live traps that would 
beavers without any injury or 
fort and then release all but 
animals that had outlived tl 
ness and had prime pelts, the 
plenty of beavers anywhere in 
places. They would then be a 
asset to the country and on 
interesting forms of wild li 
study and for the enjoyment 
are interested in a better kn 
our animal friends. 

The beavers’ good-by is a s 
water with his tail, so 


FIGHTING INSECTS WITH POWDER AND 
LEAD 


By Dr. A. L. MELANDER 


PROFESSOR OF BIOLOGY, THE COLLEGE OF THE CITY OF NEW YORK 


First of all, this title suggests the old 
story of the woman asking the drug 
clerk for a package of powder. ‘‘ What 
kind of powder to you wish—gun, face 
or insect?’’ When man wages war on 
man powder and lead are used, and in 
the warfare against insects insecticidal 
powder and lead as poison and lethal gas 
are employed. The powder is a poison- 
ous dust, the lead is combined with 
arsenic as arsenate of lead, and the gas 
may consist of nicotine fumes or deadly 
eyanogen. Chemical warfare on insects 
has become an accepted part of our 
yearly life. It will never be outlawed 
because of humane feelings for our 
enemies, and in time to come will decide 
whether man or insects will dominate 
this world. 

From earliest times insects have 
afflicted man, destroyed his crops, spread 
disease and attacked his domesticated 
animals. As more and more land is 
farmed, insect pests have increased in 





numbers and in their depredati 
til now in the United States 
sects destroy each year the pr 
the labor of a million men, a m 
of at least one and one half 
dollars. 

There are many million-dollar iv 
several species costing us even a hu 


million dollars annually by tl 
} 


struction of our food and by the ex; 


of our attempts to check their di 


tions. Chinch bugs swarm in the fi 


corn and wheat of the Middle States 


wheat aphis and the Hessian fly 
Mississippi Valley ravage the 
crop; potato beetles have invaded 


tically every potato field throughout 
continent; the San José seale has spr 


so rapidly through orchards from 
to coast as to make necessary state 


for the compulsory spraying of 
trees, the sorting and grading of p 
fruit and the condemnation of all ! 
found infested; the codling-moth n 
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for the control of which 


. irmv of men must spray trainloads 


" 


s wormy, 


; 


‘son over millions of apple treees. 
the 

hun- 

year. 


mbined destructiveness of 
seets just mentioned amounts to 
dollars ea h 


millions ol 


nsects are racketeers, who exort 


. from the producing farmers, 
' n the farmers, of course, must 
ss the cost on to the consuming public. 


may think that five cents 1s cheap 
if of bread, but if there were no 
sect pests of wheat the cost could b 
r cents. When we pay five cents for 
ple we should remember that one 
f this goes for the spraying which 
» made it possible for that apple to 
ppear on the market. If the spraying 
1d not been done, that apple would 
ve been wormy or scaly or scabby or 
deformed by aphis, and unsalable. 
People little 
of the actuality and the extent of 
upon The 


isehold atomizer is replaced by motor- 


who live in cities have 
warfare weged insects. 
driven and operated spraying machines. 
Trainloads of 
Whole communities 

» battle. 


n pe ple 


spray-poisons are used. 
of men participate 

Of the twenty-seven mil- 
who live on farms in the 
United States, nearly all at some time 
or other must aid in fighting insect pests. 

In the Middle West, county campaigns 
are organized to distribute poisoned bran 
rgrasshoppers. In California, orange 
groves are subjected to poison gas, the 
with tents 


and deadly cyanogen gas administered 


+ 


rees being covered canvas 


within. In the South, airplanes shower 
poison dust over cotton fields to destroy 
the boll weevil and the boll worms. In 
every commercial orchard from Wash- 
State to New York State, the 
chugging of engine-driven spraying ma- 


ington 


hinery can be heard. 
While the number of 
may 


insect enemies 
the 
aggregate of their depredations, the ac- 


appear large on account of 


tual number of insects pests is fortu- 
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nately small. sects 
any locality, t vast majority 
little consequence to 1 ! r 
economy, feeding on wild | sor u 
ea } ot el () ’ TIV Ww Ss “i 
are pests in that they eat the plants 
erow for our own food, or harm our 
mals, or even directly attack ours 
However, since insects far outnw 
i ll other nin Ss} Ss y 
there is scarcely any lin lon 
iDblilties that Ins sn [ n | ; 
when transported to new localities. W 
do not know what is in store for us, as 
the future will introduce new insects 
this country from foreign shores 
F'ar-reaching consequences oft r 
nate in trivial happenings. When 
1866 an amateur entomologist in Bost 
imported some specimens of the gi 
moth from England in an effort, so tl 
story goes, to cross this insect 


American moths, hoping thus to develop 
a silk-producing strain, his experiments 
might be regarded as praiseworthy, or 
at least of nobody ’s concer 
no one at that time e«& 
portentous consequences when a sp 
men escaped irom the cage into 
woods near by. 

The progeny of that alien m 
caused millions upon millions of dollars 
to be expended in New England al 
in the unsuccessful attempt to extermi 


Huge 


appropriations have repeatedly become 


nate their race. federal and state 


necessary to subjugate this pes 


Gipsy-Moth Commission was created to 


investigate ways and means to keep t 
moth from spreading. Forces of inspt 
tors have had to be maintained. Expert 
entomologists have scoured Europe and 
Asia in order to discover the natural 
parasitic and predatory insect ene 

of the moth and to liberate them in the 
stricken regions here. The extensive 


warfare upon this invader has exter 
nated 
whose 


many innocent nativ 


right to a place in this world 
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would not have been questioned. Quar- 
antine laws have worked economic hard- 
ship on the sellers of produce from the 
infested localities, Christmas trees, lum- 
ber and even quarried granite having 
been banned as possible carriers of the 
eggs of this moth. In order to guard 
against the introduction of other insect 
pests, federal quarantine laws have been 
enacted, which at times have threat- 
ened diplomatic relations with countries 
whose produce has been refused admis- 
sion to the United States. 

The gipsy-moth in its caterpillar stage 
is practically omnivorous. It feeds on 
the plants of the farm, in woodlands and 
forests and on ornamentals. It is pro- 
lifie and exceptionally hardy. Its eggs 
are often concealed. Many of its cater- 
pillars feed in the tops of trees out of 
reach. With no knowledge of practical 
insect control available fifty years ago, 
no wonder that the destructive spread 
of this insect through New England was 
regarded with alarm, lest it sweep across 
the entire country and its billion dollar 
toll be multiplied manyfold. 

The gipsy-moth is widely distributed 
through Europe and Asia, but it is not 
particularly destructive there. In the 
long ages it has reached a state of 
equilibrium, held in check by its na- 
tive enemies. Certainly no country in 
Europe or Asia would appropriate mil- 
lions of dollars for its study and sup- 
pression. But coming to America, un- 
hampered by its parasites and predators, 
it was free to propagate and it spread 
with startling rapidity. 

Similar unrestrained multiplication 
has commonly followed the introduction 
of other pests to this country. Most of 
our serious destructive insects are not 
native, but have come to the United 
States from near or from far. The San 
José scale was accidentally brought from 
China, the bean beetle and the boll 
weevil from Mexico, the fluted scale 
from Australia, the codling moth, 


oystershell barklouse, red sp d 


and many kinds of aphids from ] 


Such names as Japanese beet 
pean corn-borer, gipsy-mot! 
ranean fruit-fly and Asiat 
pute that these insects are 
Americans. 

The United States has b 
of the free to many foreign 


now such anti-social immigr 
greater difficulty of introduct 
of the inspection maintained 
border-line states and by 
Plant Quarantine and Contr 
tration, through whose vig 
hoped that the costly mista 
past will not be repeated. It 
sible to tell beforehand whet 
sect species of little conseqg ut 
other country when brought 
may multiply prolifically a 
measurable harm. 

Before the gipsy-moth invad 
chusetts, insect poisons and 
methods were almost unk: 
Gipsy-Moth Commission estab 
Congress entered a plone r 
investigators had to invent and 
pumps and nozzles for sp 
experiment with possible pois 
problem was to find a substar 
ous to the insect, yet harm 
foliage on which it was app 
thing economical, durable, easi 
and applied, compatible with ot 
rials, adhesive, not distasteful 
sect, and quick acting. It was 
that no such substance exist 
known poisons when tried prov: 
injurious to the plants when fat 
caterpillars. Many washed aw 
rains. Some were repellent 
Others were too expensive fo! 
use. Arsenate of lead alone p 
the attributes of an ideal ins 
but hitherto it had found no use 
merely a chemical curiosity, onl) 
ounces of it being in existence 


ical museums. Now it is a stap 


i 
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modity made by thousands of tons at a corn, wheat, oranges and aj 
st of but few cents per pound, and is_ found a profitable price on t 
ised not only on the gipsy-moth but as _ but this condition was due to n 
the main protection against all fruit-and inefficiency and the econom 
leaf-eating insects of orchards, garden, rather than to t crowing | 
field and forest the world over. The act produce. 

Congress in establishing the Gipsy- The world is st nereasing 
Moth Commission laid a foundation for tion. Statisticians assure us 
1 new science of applied entomology. present rate of increas 

If the gipsy-moth had not been a_ deaths forty milli n more a 
spectacular insect, and if it had not first must each ear be brought in 
invaded the property of influential Bos- tion than the year before to 
tonians, and if Congress then as now food, that each year the wor! 
had been motivated by nearsighted duce twenty-three trillion pou 
policies for economy, perhaps this sci- more than the y r hefors 
entific commission to discover means of amount of unoccupied land 
repression of this local immigrant might farming is decidedly limited 
have been regarded as an unwarranted is not far distant when an « 
extravagance. Time has shown that the some insect pest will bring 


far-reaching benefits from this study, _ st 


however, have repaid the costs a thou- certainly our great-grande 
sandfold, and this should be remembered know what it*means to go 
when retrenchment arguments are made cause the-grasshoppers hav 
against preparedness for the next insect Wheat and cor 
war. People in ( ! and Ind 
Some people excuse war because it perish by the million becauss 
brings out inventions and teaches effi- spread diseases and becaus 
iency, that while war brings imme- failure. Horses and _ eattle 
diate hardships its far-reaching results Western range drop of stary 
are beneficial. Such people find in the to drought and locust atta 
war-cloud against insects a silver lining them herds of bison were ex 
in the discovery of improved methods when hordes of insects wip 
of pest control, better farming practise, feeding grounds. It is 
an improvement in the quality of fruits the most deadly enemies ar 
and erops and better prices to the pro- ones. Cutworms and grassl 
ducer. It is true that the scientific in- destined to be more terrible 
vestigations necessitated by the gipsy- of mankind than wolves and 
moth, the cotton boll weevil, the San Applied entomology is a 
José scale, the codling moth and other ence, and with the boast 
major insect pests have enabled farmers realizes it hievements and 
to produce crops despite their enemies. But it also knows that pest 
If we knew no more about insect con- quires continued investigatior 
trol than our grandfathers did, the and lead have made possib 
greatly increased number of insects now of some crops, but it would 
occurring in the United States would limit our dependence to their 
bankrupt us as a farming nation. In strength of tl spray, t 
a sense scientific methods have led to an formula, the use of spreaders 
overproduction of some products just lures, baits or repellents, tl 
now. Last year produced more cotton, or impossibility of combi 
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ive 











treatments and the time of application 
can not be predetermined, but require 
detailed experimentation. Some insects 
ean not be reached by spraying; some- 
Fruit- 
growers dread the accumulation of ar- 
Boards 
of health condemn oversprayed fruit. 


times it is impractical to spray. 
senicals dripping into the soil. 


Some insects seem to be developing a re- 
sistance to standard treatments. Should 
pests in general become immune to 
treatment, the import is most ominous. 

As a matter of present economic relief 
to the farmer and to the ultimate con- 
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sumer, as well as preparedness 
inevitable future invasions of i 
behooves us as a nation to find 
stop the billion dollar waste « 
these Lilliputian enemies. Curt 
of appropriations for scientifi 
gations is certain to prolong a yx 
depression and not to terminat 
biblical times, when the locusts 
over Egypt, the afflicted peoples 
to Moses for relief, and he said 
Nowadays the mat 


farmer appeals to the entom 


us pray.’’ 


he says ‘*Let us spray.’’ 


PLANT SOCIOLOGY 


By Dr. HENRY S. CONARD 


PROFESSOR OF BOTANY, GRINNELL COLLEGE 


THE youngest and newest of the great 
family of plant sciences is plant soci- 
ology. It has a definite history of about 
fifteen years. But in truth it is a de- 
velopment of good old common sense 
about plants as they actually grow in 
nature. It attempts to put in order 
what all field botanists, farmers, forest- 
ers and flower lovers know, and to en- 
rich and deepen and organize this 
knowledge. 

The word sociology can be applied to 
plant life only in a somewhat figurative 
way. In human society we have the con- 
scious cooperation of individuals or the 
conscious lack of cooperation, directed to 
the accomplishment of some aim or plan 
for future achievement. Obviously this 
does not occur in plant societies. Trees 
may get their heads together, but they 
do not lay plans. 

But there are also many social rela- 
tions in human and animal societies 
which come about without any plan- 
ning. The mere existence of two per- 
sons within the ken of one another 
brings about a social relation. It is in 
this latter way that plant sociology re- 


sembles the sociology of August ‘ 
Plants do live together in soci: 
each plant having an influence upo 
the plants in its vicinity. This 
gy, both of humans and of pl! 
to do with the life of organisms in 
units, as distinguished from the 
the individual by and for itself. 
The mutual relations of plants 1 


| 


classed as either dependent or 
mensal. The parasitic plants 
cause disease upon other plants 
even that popular parasite, the m 
toe, are obviously dependent up 
host plant for food and shelter. |! 
our most beloved spring flowers Ww 
grow in the rich leaf mold of our for 
are just as truly dependent plants 
we all know how quickly the wildw 
flowers die out when the forest is 
away. And many of us know that 
would have wild flowers in our gard 
we must provide them with shade 
leaf mold. 

Nor is leaf mold all one thing. 
decay of pine needles produces 
strongly acid mold. 
mildly acid humus. 
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Oak leaves giv 
But the leaves 
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w. cottonwood and elm produce a 
tral, or may even permit a feebly 
ne mold. And so the small plants 
e eoniferous forest are different 
those of the 1 


in differ from th 


oak woods, and these 
se of the river bot- 
and cotton- 


. } 1]; , 
woods ot elim. willow 


d. 

In another aspect, the trees and flow- 
ers are commensals. They feed from the 
same table, without interfering with one 
The trees need lots of sunshine 
need 
their 


nother. 


nd they get it. They constant 


supplies of water, and roots go 

deep to get it. The shade plants want 
subdued light the 

rd; and they are content to draw their 


d and 


which is 


which trees af- 


the 


useless to the 


surface soil 


Here, 


—a S¢ clety 


water from 
trees. 
then, is a friendly mutualism 

thout competition, but very distinctly 
a social union. 

The minute sociological study of plant 
societies has yielded highly important 
results in the hands of European bota- 
nists. It is as yet undeveloped in Amer- 

a. Dr. York, when forester for New 
York State, remarked that when he took 
European foresters out to see our woods, 
they searcely looked at the trees but ex- 
amined critically the flowers and shrubs 
One 
reports about the 
the 
And 


is exactly these other members, which 


and mosses that grew under them. 
can read volumes of 
trees. But the 
society have not been described. 


other members of 


elucidate the inner nature and the essen- 
tial details of the social union, the forest. 
Some of us go abroad, put up at a dozen 
or two of the best hotels of Europe, and 
come home full of ideas about social con- 
ditions there. We are like foresters who 
look only at the trees. <A 
knows that a hotel lobby 
of a hotel for tourists 
in which to learn anything of value 
about a strange country. To learn of 
social conditions is a long, arduous and 
technical procedure. 


sociologist 
especially that 
is the last place 





RADIO TALKS 


So in ! S 
ky wl dg nts S 18 7 
uct of years mil d |] ! 
research. Mu n | rned 
Riibel’s delight G 
ical Resear 1 his mor ! 
on *‘Plant.Ass ns I 
I ntly transl 1 work of Lu rd 
ind from t st I ! i 1 Sia 
tion of Braun-Blanquet. Il se books 
many familiar ts find p se expres 
sion and a place in the cycle of scien 

The old herb gatherer, now nearly 
extinguished by his own improvident 
methods, and by the synthetic chem , 
was a practical plant so rist. He 
knew where to look for gold thread or 
ginseng. But e didn’t know w 
Consequently, when natural ginseng b 
came scarce, and it was necessary t 
cultivate it in order to supply the d 
nand, it was a matter of long experi 
mentation to find out how to meet its 
exacting requirements. The woodsman 
knows where to look for valuable maj 
or hi kory r hit But wl 1 mes ft 
reforestation, the attempts of the woods 
man, and even of 1 rorester n 
The social relation has not en taken 
into account We are still going at it 


rather blindly, owing to the inadequacy 


fr ry | { ‘ 
Of our Knowledge ot the social relations 


of plants. 


The farmer can tell a good d out 
his soil and its needs by the behavior of 
crops and weeds in each field. And a 
food dea! has been d | n ir wes rn 
plains by Clements and Weaver and 
their school on the so-called ‘‘indicator’’ 
value of certain plants or groups of 
plants. Sage brush w indicate the 


possibilities of the soil and climate over 
large areas 0O our 
brush land will produce crops if water 
can be 

Grease wor 
hopeless or will } 
prolonged washing. The 
survives only in cultivated or very re 
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cently cultivated land. Jimson weed is 
often the only survivor in land that has 


been greatly overmanured; hence its 
dominance in deserted barnyards and 
feedlots. 

A number of striking and interesting 
ideas have been crystallized by plant 
sociologists out of the mother liquor of 
our common knowledge of plants. For 
example, everybody who has ever spoken 
about plants publicly or privately has 
tried to tell how much of each kind or 
of some one kind of plant there is on a 
given area. It is common or rare or 
abundant or It helps but little 
to count the plants and, besides, count- 
A plot 
have three oak thou- 
sand shoots of grass, but the three oaks 


scarce. 


ing may be extremely laborious. 
may trees and a 
far outdo the thousand grasses in con- 
trolling the situation. The forester will 
caleulate the number of board feet of 
lumber of each kind on his plot. But 
that is significant only to the lumber- 
man. For a mature pine will require 
only 15 square meters of space, while 
an oak will require much more. The 
plant first the 
amount of ground covered by each kind 
of plant. He imagines the entire plant 
projected on the ground, as if photo- 
graphed from an airplane. A wooded 
hillside may have a 90 per cent. cover 
of chestnut-oak 60 feet tall, an 80 per 
cent. cover of laurel or rhododendron 
six feet tall, and a 90 per cent. cover of 
mosses on the ground. This statement 
tells much about the kind of woodland, 
and the effective quantity of each kind 
of plant. Thus the quantity of plants 
is best expressed by their coverage. 

A further clearing of our thought is 
given by the ideas of constancy and 
fidelity, the extent to which a kind of 
plant is constantly found in certain 
kinds of vegetation, and the extent to 
which it is confined to a certain kind 
of plant society and is therefore char- 
acteristic of it. A plant of high con- 


sociologist considers 
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staney and fidelity becomes an 
of the local conditions of 
It is in itself a summary 
Weather Bureau and tl! 

In southeastern Penns, 


soil 
mate. 

of the 
Survey. 
the creeping phlox and the big 
Cerastium are strictly confined t 
societies of Serpentine rock. If \ 
me you have wandered under t! 

coast redwoods of California, I « 
you not only what part of Cal 
you were in, but what shrubs and 
ers and mosses you should have n 
The 


stant’’ of a certain social alliance 


also. coast redwood is a 


other plants are almost wholly | 


in constancy. If you found a da 


lion, I don’t know anything about 
you Dandelion is 
We call it an ubiquist. 
The concept of vitality is rarel, 
preciated without careful considerat 
Where is a plant really at 
Where it flourishes and raises prog 
of course. By the test of reprodu 
we find great numbers of plants that 
away from home—strangers. The 
greens in your yard—do they yield 
seedlings? The rhododendrons—do t 
The dogwoods, redl 


were. ubigq l 


even set seed? 
arbutus, harebells, Mimulus, wild | 
—are they just holding their ow: 
dwindling slowly? Are new plants 
patches appearing in favorable seas 
Is it well with their vitality? If 
what of the future? 

Aggressiveness is another concept 
extreme interest. Wherever changes 
vegetation are in progress, as on aba 
doned land or regenerating forest or 
a garden or on a farm, what is the ag 
gressiveness of the different plants ; 
societies? Which groups force their w 
against all comers, and under what co! 
ditions? What is going on at the ma! 
gin of a Which plants 
spreading and which retreating, and h 
and why? 

Constructiveness and destructiven¢ 


wood ? 


J 














ly important ideas. Recently 


shed work of Dr. Blizzard at Cold 
' Harbor, New York, has shown 

t the shrubby bayberry is highly con- 
‘ryuctive in that it can grow on bare 
and there build up a humus soil 


maples and oaks can and do 

t and grow into valuable trees. The 
study shows that grapevines and 
rinia creeper and Japanese honey- 
are highly destructive. They 
er over the tall trees, and cut off 
ight from the tree leaves, and 


down the tops with an unbear- 
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BAMBOO, THE UNIVERSAL PROVIDER 


By Dr. WILLARD M. PORTERFIELD, Jr. 


PROFESSOR OF BIOLOGY, ST. JOHN’S UNIVERSITY, SHANGHAI, CHINA 


WHEN the claim is made to the world To begin with, bamboo is 
at large that a certain tree is the most The culms, aside from 
useful in the world, it is generally as- ranean connections with t] 
sumed that the person advancing such whole, are woody, branch 
a claim has been careful first to study some species reaching more t 
the merits of other useful plants. It is dred feet into the air. Ever 
also true that a plant universally used oxtend their total leaf surfa. 
in one small part of the globe may not of the fact that the culms it 
be so used in other and larger regions. show no increase in girth. E 
| am referring specifically to the claims leaf area is balanced by el 
put forward in an article published in 4), phizome and bv the prod 
the Screntiric Montuuy for September, 
1928, entitled ‘‘The Most Valuable Tree 
in the World.’’ The coconut is the tree 
referred to. The article is pro-coconut 
exclusively, not one line of acknowledg- 
ment being allowed any other plant. In 
view of the broadcast appeal at the end 
of this article calling on all and sundry 
to furnish, if they can, evidence that 
any other tree ‘‘ean offer the varied uses 
of the coconut,’’ I am inclined to doubt 
whether the author ever considered bam- 
boo. 

There is a war in Shanghai and one 
does not know from day to day what is 
going to happen, but as college exercises side, bearing a branch and a 
have been suspended I have a little time It is so linked with the life and 
in which to tell the world that besides of the Chinese people that without it | p 
the Far Eastern problem there is also farmer in particular could not get 
bamboo. I can at best in the time and In fact, it is said by the C 
space available only skim the subject of without one useful plant like b 
bamboo, but I can at least indicate with country can thrive. Not only ‘ 
a few concrete illustrations the far- also Japan, Formosa, the P | 
reaching usefulness of this plant. Bo- Islands, Siam, Indo-China, Ind 
tanical descriptions can be had from lon, Sumatra, Java and thie 
technical works, so that I shall not spend Archipelago are all productive 
time on that aspect. I shall deal only boos, whose uses have been 
with the uses of bamboo in an endeavor since time immemorial. In other 
to substantiate my claim that the humble of the world the West Indies, | 
bamboo may dare to rival the coconut as and South America, Brazil in 
the ‘‘most valuable tree on the face of lar, to which may be added fiuall; 
the earth.’’ of Africa and Madagascar, hav 
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i 


more culms. The point is, 
part of the bamboo is und 
like and as such can be admit! 
category of trees comparable 
eoconut. It now remains on! 
that the bamboo is as useful 

In China the use of bam 
back into history so far that 
present ideographs used in Chi: 
ing were developed, one ot 1 
tary radicals which share in 
tion of some of these charact 
one for bamboo, ff which is inr 
a picture of two culms standi: 

















BAMBOO, THE | 





YLLOSTACHYS BAMBUSOIDES 


led themselves of their nat 


ere are two wavs of learning about 


byect (One is to observe it one’s selt. 
ther is to read about it. In my own 


ence while livine in Shanghai | 


seen bamboo used for almost eve 7 


rpose In my tours of 


ind the Us 


Inspection 


mpus with the head gar 


ner | have had many occasions to put 


requests for new bushel 


handles, poles, 


carrying 


sket trays for carrying pots of plants 
fences and fence-posts, ladders 
s be split into stakes and made 


frames for the support ot flowe rs 


‘ . 
i>? 


cl pole son which to hang back-nets 


tennis courts, all made of bamboo 


tT) 


Possibly at the time one of thi 


COOLLES 


hile mowing the lawn was wearing a 


sun hat made of fine strips ol bamboo 
ven together, while his helper may 
ave been wielding a bamboo stick tf 
irge the donkey to haul the mower 


more fast.’’ As we pass an ama! 
mes scuffline along with a big bamboo 


isket loaded with vegetables which she 
iS Just bought in th: near-by village 
l‘arther on some coolies who have been 
inloading coal sit down for a rest. One 
rings out his tobacco pipe for a brief 
hiff. It has a 


ng bamboo stem. 


diminutive bowl! and 


From a bamboo box 
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THE FAMILY GARAGE 


DETAIL OF WALL CONSTRUCTION WITH WINDOW FRAME AND SI r'TER OF SPLIT BAMBOO 


In pleasant weather on almost any 
late afternoon in peaceful times may be 
seen the familiar figures of Chinese gen- 
tlemen listlesslv plying a bamboo fan 
with one hand, while carrying a finely 
made bamboo cage in the other as they 
stroll about with their pet birds, the 
women folk in the more conservative 
families remaining behind doubtless to 
pass the time playing mahjong with 
prettily decorated ivory-faced bamboo 
tiles. High up in the air fantastic cen- 
tipede kites constructed of bamboo 
splints zigzag back and forth or float 
lazily poised, while little sister watches 
near-by as she tends small baby brother 
who is ensconced in a sort of basket 
vo-cart made principally out of woven 
Down by the canal 
a junk is unloading and the stevedores. 
as they come off with each bale, hand 
a bamboo tally to a clerk. At the same 


strips of bamboo. 


time an accountant at a table poises 
pen of bamboo over his ledger ready to 
enter the item required. As the work 
progresses I observe that some hands 
begin taking turns at pumping bilge 
water out of the junk and perceive that 
the pump is made of bamboo. Recently 
on a visit to the country I watched a 
well being dug in the alluvial silt which 


constitutes our land A bamlx 
sharpened at one end with the par 
knocked out was used as a drill 
affixed to another pole was sus} 
from a horizontally placed bow n 
several bamboo poles lashed t 
the whole being 20 to 30 feet in 
which acted like a spring to draw 
drill between blows. In conelus 
should like merely to mention 
that in addition to those already 
cated there are innumerable ornan 
and what might be termed symb 
uses of both living and pictoria 
boo, of which at present there is n 
to tell. This brief exposition bas 
actual experience, it seems to 1 
sufficient to justify the name ‘*w 
provider’’ for bamboo. It suggests 
thermore that a full study of tl 
of bamboo in any region does it 
give one a very good idea of the 
acter and customs of the people 
there, so closely is it connected 
their daily life. 

Let us pass on now to comments 
bamboo taken from the writings an 
perience of others. Supplementary 
dence from the observations and ex 
ence of the explorers especially 
contribute still more support to 
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AN APARTMENT HOUSE 
CLOAK OF MATS AND SCAFFOLD POLES 


AT SHANGHAI, 


ssertions with regard to the usefulness 
bamboo. The historie 
Mareo Polo were among the first to re- 


travels of 


| to the western world the domestic 
of bamboo. He tells how the 
Chinese manufactured cables for towing 
ships by first splitting canes their whole 
ength into thin pieces and then by 
twisting these together into ropes three 


indred paces long. It is interesting to 


in passing that engineers experi 
nting for the Whangpoo Conservancy 
board found twisted and plaited ropes 
made with material taken from the outer 
ghth of an inch of bamboos about four 
S in diameter being used to tow 

nksS up against the current of the rap 
is in the gorges of the Yangtse River 
estimated that the working stress 
was about 10,000 pounds per square inch 
- the material, this tension every now 
then being doubled. Mareo Polo 
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BUNDLES OF BAMBOO STRIPS 


rO DRY NEAR 


WEAVING HANGING UP 
HANGCHOW. 
making paper in China. Bamboo was 
the source used, and the process while 
faithfully 


Apparently bamboo poles are soaked in 


laborious was earried out. 


water, then split and saturated with lime 


and water until they become soft. They 
are then beaten into a pulp by hand or 
by erude mechanical stampers, after 


which the mass is taken to a furnace 
and well boiled until it has been reduced 
It is then formed 


relates 


to its finest elements. 
Again he 
the 
carrying poles down the mountains to 
the nearest the 
form of rafts they are floated down to 
the many markets that await them. In 


into sheets of paper. 


in interesting fashion business of 


waterway, where in 


the spring the young shoots are also 


sought out and shipped. 
Fortune makes the following statement: 


In conelusion, 


‘HE SCLENTIFIC 
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‘*Thus this valuable tr 


vated at scarcely any ex] 


ployment and food to 
these mountains (Ninep 
tung) for nearly one halt 
There are some very 
which bamboo has been 


be of interest E. H. W 
Naturalist in Western (| 


scribes the great bamb 
whieh spans the Min Rive 
to Monkong Ting. It is 25 
and 9 feet wide, and is 
exception of the floor plat 
1 bamboo cables. Ther: 


ports placed equidistant, t 


being made of stone 1% 


twenty in number, ten su 


floor and five on each sid 


‘*rails.’’ The eables are n ry | 
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mboo and a delicate spring. 
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bamboo culms, are 21 ine} 
rence and are held taut | 
tans embedded lh) 
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’\ accumulat 
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Not a sing 


lateral strands. 


» of iron is used 


1! asi ana 


le Miuitford 
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which repre Sents rea \ an ¢ 


thermore is not the only coun on his expedition by seap 
bamboo bridges occur, bi Il Papua Telis kind 
sus sion bridges are also met wit! made of tubes of bambi P| 
These, however, are not mad also appear t S al 
es but with poles lashed To wearing hose ) rs | DamDb 
Faire] ild al ISses ir resp 
Philippine Islands there is an Javanese carpenter ip Ss a 
It entirely of bamboos, the only the expeditious way in whi 
ts kind in the world. It is in the with a few deft strokes of a ¢ 
Pinas church. The construction ot ten out a bamb Lith it 
gan was begun in 1818 by Father — strips of flooring for t \ 
vo Cera and it is said 950 bamboo is being built 
s of different sizes were used. The One of the most thorouel 
unwghai Police Museum of Crime tions of the uses of bamboo is 
sts of one exhibit certainly whic ried out by Hlans Sporry and 
nstrates the skill of the Chinese in jointly in 1903 with Dr. C 
piving bamboo to use. It is a welch who wrote tl hy i} tr 
ihine made especially for crick The study is undertaken in .J; 
Fighting crickets, like prize fight coneerns the uses bamb« 
are accurately weighed and th: only. Spérry lists 1,048 praet 
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\{ BAMBOO CABLE BRIDGE 


ACROSS TI! Min RIVER NEAR WENCHUAN NORTH FROM CHI 


of Japanese articles of bamboo contained — larger leaves of forms like & 
in his own collection. The remainder being used for wrapping s 
up to the total 1,546 ineludes also the tain kinds. In addition 
ornamental uses. These uses with varia- tioned by Dr. Williams | 
tions would stand almost as they are for add that I have seen | 
China, too The best accounts of the Hangchow wearing sandals 
uses of bamboo in China can be had tough leathery sheathing 
from the fifth edition revised of J. Dyer Covers the shoots of Phy 
bescens. E. Hackel n N 


Pflanzenfamilien,® discusses 


Ball’s ‘‘Thines Chinese.’** The names 


of 83 uses are listed and these are in the 


; , ; ‘ ‘ cveneral 
form of general headings only, taking no bamboo generally. Am 


mentioned every kind 


account whatever of the many variations ° 
included from Chinese jul 


under each heading. The term ‘‘orna- 
ments’’ alone, which is one of these, in- Burmese snuff boxes We 
cludes a great many articles. Again, learn that the product 
Dr. S. W. Williams in the first volume 


of his ‘*Middle Kingdom’’’ enumerates 





masses oft seed. follow ney 
rare flowerings of the bam! 


‘ , . ; mav supplv the countryside 
82 uses of bamboo. Every part of the h tit i f ) 
_ substitute Tor rice lh Case 
plant is used in some way. The shoots, : ' 
at the time, is not an unal 
roots, canes and leaves are all repre- , 
a On the contrary, it supports 
sented. The uses of the ecanes can ; 
ae ; . dous increase in the rats and n 
roughly be classified under the form ot : , 
: when the surplus of bambo 
the cane employed, viz., canes, strips, em: Ueda eneetiens tat 
ee ‘VO a - » ) it¢ 
splints, shavings. The leaves too serve i anise Rolda and destroy the er 


as thatchinge material. linine for tea ing there. Such is the experie 


boxes, raincoats, large umbrellas, the German colonies in the Brazil 
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41925, pp. 59-63. 6 Engler and Prantl, II T: 2 


LSS3, pp 358-360. 89-97, 1887. 
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ment of their civilization On awe \ 
s still more convinced of this tact ittle sp 
ading such accounts as that of 4 Jittle atte) 
Fairchild of the bamboo eiviliza beisht im fros 
Java Archeologists would in +] . dunt 
be justified in incorporating in Sit reas : 
historical outlines for tropical and © eomtinaters D4 
tropical Asia a definite Bamboo Age aes “wee ha 


parable with that ol Stone ol 


e. With a material whieh lends 


: ; tion under stress 
so readily to manipulation it is n 
. , servi yhos 
nder that native craftsmen soon 
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ned at Atlantic City In the 
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wa meeting of 1879 
ce was shown by the fact that 
fifteen hundred papers were read 
that perhaps three times that num 
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